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Accurate physical–chemical properties~aqueous solubilitySW , octanol–water parti-
tion coefficientKOW, vapor pressureP, Henry’s law constantH, octanol–air partition
coefficientKOA , octanol solubilitySO) are of fundamental importance for modeling the
transport and fate of organic pollutants in the environment. Energies of phase transfer are
used to describe the temperature dependence of these properties. When trying to quantify
the behavior of contaminant mixtures such as the polychlorinated biphenyls, consistent
physical–chemical properties are required for each individual congener. A complete set
of temperature dependent property data for sixteen polychlorinated biphenyls~PCB-3, 8,
15, 28, 29, 31, 52, 61, 101, 105, 118, 138, 153, 155, 180, 194! was derived, based on all
experimentally obtained values reported for these congeners in the literature. Log mean
values derived from the experimental data were adjusted to yield an internally consistent
set of data for each congener. These adjusted data also show a greater degree of interho-
mologue consistency, which can be illustrated with the help of simple quantitative
structure-property relationships that use molar mass and the number of chlorine substi-
tutions inortho-positions as descriptors. The extent of the required adjustment gives an
indication of the uncertainty of the averaged measured values and is typically lower than
might be expected from the range of the reported measured values. ©2003 American
Institute of Physics.@DOI: 10.1063/1.1562632#
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1. Introduction

The environmental fate of a persistent organic chemica
strongly influenced by its distribution between vario
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
is

phases or compartments. Environmental chemists rely tr
tionally on the equilibrium partitioning coefficients betwee
the gas phase, the aqueous phase, and the liquid oc
phase to characterize phase distribution in the environm
Of particular importance in this regard are an organic che
cal’s aqueous solubility (SW), vapor pressure~P!, octanol–
water partition coefficient (KOW), Henry’s law constant~H!,
octanol–air partition coefficient (KOA), and solubility in oc-
tanol (SO). Simple empirical relationships with thes
physical–chemical properties are used to describe partit
ing into environmental phases and organisms. Pollutant
models incorporate these empirical relationships and t
usually require the physical–chemical properties as input
rameters. If the fate of a chemical at temperatures other t
20 or 25 °C is of interest, the temperature dependence of
physical–chemical properties becomes important. Over r
tively small environmentally relevant temperature rang
that temperature dependence can be conveniently expre
through the respective internal energies of phase tran
DU.

Polychlorinated biphenyls~PCBs! are among the mos
studied persistent organic pollutants, and much has b
learned about the environmental behavior of persistent
ganic substances from studying PCBs. Of particular sign
cance in this respect is the fact that the PCBs compris
large number of congeners which differ substantially in th
partitioning characteristics and environmental fate. For
ample, the least chlorinated congeners occur in the at
sphere as gaseous compounds, whereas decachlorobip
is completely sorbed to atmospheric particles. It is poss
to gain considerable insight into the fate of persistent orga
pollutants in general by quantitatively understanding the d
ferences in environmental behavior between different P
congeners. This obviously requires quantitative knowled
of the physical–chemical properties of PCBs on a congen
specific basis.

There are numerous studies reporting physical–chem
properties of the PCBs. Even the lightest PCB congeners
rather sparingly soluble in water and have low volatility. A
a result, the experimental determination of physica
chemical properties of this type of compound is a diffic
task, and the reported values for a property from two in
pendent measurements may show large discrepancy. Po
lillo and Eganhouse1 illustrated this eloquently through
comprehensive and critical analysis of the scientific literat
on theSW andKOW of p,p8-DDT andp,p8-DDE, two com-
pounds with partitioning properties similar to the PCBs. R
porting errors, multilevel referencing, a common lack of p
cision information, as well as other problems lead to
multitude of property data with an intimidating degree
inconsistency. They concluded that it is impossible to der
the trueSW andKOW value for these two compounds bas
on the available studies.

Even a cursory inspection of the available data sugg
that similar problems exist for the PCBs. The issue of sele
ing data for the PCBs may seem even more daunting con
ering the large number of congeners. Nevertheless, th
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15471547PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
have been several attempts at deriving a consistent phys
chemical property data set for the PCBs. Paasivirta and
laborators derived internally consistent sets of physic
chemical property data for several classes of persis
organic compounds, including the PCBs.2 However, they
used only a very small fraction of the available empiric
evidence. Shiu and Ma3 presented an extensive review
PCB property data reported in the literature and also rec
mended a particular set ofP, SW , andH values, including
their temperature dependence. It is not always obvious, h
ever, how the selected values were derived. Neither were
measured data taken into account, nor are the selected p
erty values internally consistent. Most recently, Beyer a
co-workers presented an adjustment technique to derive
ternally consistent sets of property data for one chemi
and applied it to 12 PCB congeners.4 They used the selecte
values by Shiu and Ma3 and Mackayet al.5 as a starting
point, but neither evaluated whether these data were rea
able nor accounted for their relative uncertainty.

The ambition of this work was to use a rigorous and tra
parent procedure to derive a PCB property data set,
makes use of all available measured data. Reasons fo
using a measured data point had to be stated. The outc
should be a set of properties, which is consistent in t
regards:

~i! the six partitioning properties for each investigat
PCB congener are consistent with each other, and

~ii ! each of the six partitioning properties is consiste
across homologue groups.

This was done for 16 PCB congeners by compiling a
evaluating the measured data from the literature, selec
measured values through averaging or linear regress
making estimates of the uncertainty of these values, an
nally applying the adjustment technique described by Be
et al.4

2. Methods

The investigated set of compounds comprised the PCB
8, 15, 28, 29, 31, 52, 61, 101, 105, 118, 138, 153, 155, 1
and 194. A number of criteria were used in the selection
these congeners. The set needed to include a large varie
congeners, both in terms of the degree of chlorination an
terms of the substitution patterns. The set includes mo
through octachlorinated congeners, highly symmetrical c
geners, such as PCB-15, and congeners with all chlorine
one of the two aromatic rings, such as PCB-29 and PCB
It also includes congeners with a variety of number of ch
rines in theortho position, including the tetra-ortho PCB-
155. It also includes the congeners that are most comm
quantified in environmental samples, namely PCBs 28,
101, 153, and 180. Finally, it was a prerequisite that a s
nificant number of physical–chemical property measu
ments had been reported for a congener. It may be feasib
perform a similar analysis for a few additional PCB cong
l–
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ners, but for most of the 209 congeners the availability
measured data is too limited to apply the procedure w
much confidence.

The following steps were involved in the process of co
piling, evaluating, selecting and adjusting physical-chemi
property data.
„i… Finding and Obtaining Original References: Using

the Chemical Abstract Search Service Index~CASSI! and
other databases,5 we tried to obtain and identify all the pub
lished literature on measured physical–chemical proper
for the selected congeners. It is quite likely that addition
data sources exist that escaped our attention. Only orig
data sources are considered, i.e., no quoted values wer
cluded, thereby avoiding multilevel referencing.1 Some stud-
ies reporting physical–chemical properties obtained by th
retical means such as quantitative structure–prop
relationships~QSPRs! were also obtained.
„ii … Compiling the Data in a Comparable Format: The

measured data were compiled in spreadsheets, and conv
into appropriate and identical units. The experimental te
perature of the measurements was also noted. If no temp
ture was provided or the source indicated that the exp
ments were performed under ambient or room tempera
conditions, we assumed a temperature of 23 °C. The va
pressure and solubility values reported for the solid ph
(PS,SWS,SOS) were converted into the properties of the s
percooled liquid (PL ,SWL ,SOL) using compound specific
entropy of fusion valuesD fusS and melting point tempera
turesTM in Eq. ~1!

SWS/SWL5SOS/SOL5PS/PL

5exp~2D fusS•~TM /T21!/R!.

~1!

If a compound-specificD fusS was not available, a generi
default value of 56 J•K21

•mol21 was used.
„iii … Eliminating Redundant and Faulty Data: At that

stage data were eliminated for the following reasons:

~i! values that are identical to previously reported valu
by the same group and thus appear to refer to
same set of experiments.

~ii ! Obviously flawed property values, identifiable as ou
liers that differ substantially from a cluster of othe
reported values for that property.

~iii ! Obviously flawed property values, identifiable by b
ing highly inconsistent with the other property valu
for that congener.

~iv! Indirectly measured values, specifically values d
rived from correlations with high performance liqui
chromatography~HPLC! retention times and capacit
factors, if a sufficient number of directly measure
values was available. If no such direct measureme
had been performed or the experimental values w
found to be highly inconsistent with other propertie
indirectly measured values were included.

~v! Estimated values, unless no measured values fo
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15481548 LI ET AL.
particular property were available. In some cas
when no measured value had been reported, estim
values were included.

„iv… Derivation of Literature-Derived Values: For each
property a literature-derived value~LDV ! was calculated in
one of two ways.

~i! If property values at several temperatures had b
reported, the logarithm of all measured data that h
not been eliminated was plotted as a function of
ciprocal absolute temperature. A linear regress
equation was derived, and the value of 25 °C obtain
from the regression line. That value was the LDV.

~ii ! If measurements had only been done within a fai
small temperature range~20–25 °C!, the values were
adjusted to 25 °C by using an estimated energy
phase transfer. In this case the LDV was the logar
mic mean of the noneliminated values. The logari
mic mean was considered superior to the arithme
mean, as the latter tends to give too much weigh
high values.

The LDVs for the internal energies of phase transferDU
were obtained as follows: If there were sufficient data o
property as a function of temperature, aDU was calculated
as the product of the slope of the regression line and the i
gas constantR. This approach was used for the internal e
ergy of dissolution of the liquid substance in waterDUW for
seven congeners. The average of these values served a
LDV for the DUW of the remaining congeners. Slopes
regressions involving data from several studies served to
rive the LDV for the energies of vaporization,DUA , for 12
PCB congeners. For the remaining four congeners, the
ues reported by Falconer and Bidleman6 were the LDVs. For
four congeners, regressions involving data from more t
one study served to derive internal energies of octanol
transferDUOA . For the remaining congeners, theDUOA was
taken directly from one of three studies.8,9,15Only one study
had measured the temperature dependence of theKOW of

FIG. 1. Relationship between the literature-derived values for the logKOW of
16 PCBs and the logarithm of the ratio of their solubilities in pure octa
and water.
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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PCBs.10 The LDV for theDUOW for all congeners was esti
mated based on information for a few congeners reporte
that study.

The selection of LDVs for the internal energy of air–wat
phase transferDUAW presented difficulties. Only ten
Hulscheret al.11 and Bamfordet al.12 had reported directly
measured temperature dependencies of the Henry’s law
stants of the PCBs. The former study involved only PC
congeners 28 and 52. The latter study’s results forDUAW

were judged unreliable based on the unreasonably la
range of reported values and the unexplained variability fr
congener to congener. Consistent, but theoretically deri
DUAW values for PCB homologues reported by Burkha
et al.13 were scaled based on the experimental results
PCB 28 and 52 by ten Hulscheret al.11 and used as LDVs.
„v… Assessing the Uncertainty of the Literature-Derived

Values: For each LDV an uncertainty estimateuX between 1
and 5 was derived based on a number of factors, includ
the standard deviations of the calculated averages, the s
dard deviations of the calculated regression parameter
knowledge of the measurement methodology used and
inherent uncertainty, and an assessment of the general
ability of data reported by particular research groups. F
example, a largeuX , indicating high uncertainty, was as
signed to properties for which few or no directly measur
data exist~e.g., Henry’s law constant of PCB-3,KOW for
PCB-52! or if several reported values are highly diverge
~e.g.,SW for PCB-52!, whereas properties that had been me
sured directly several times with accepted techniques yi
ing comparable values would deserve a lowuX ~e.g., Hen-
ry’s law constant of PCB-52!. Because these uncertain
parameters are used to achieve consistency among the
erties for one chemical, their relative size for the propert
of one congener is particularly important, whereas the re
tive size of uX for one property for different chemicals i
less crucial. This assessment is by necessity somew
subjective.
„vi… Adjusting LDVs to Achieve Consistency:The LDVs

were adjusted using an algorithm presented by Beyeret al.4

This technique adjusts a set of physical–chemical prop
values in such a way that they conform to thermodynam
constraints~i.e., are internally consistent!, yet deviate as little
as possible from the original values. The adjusted values
referred to as final adjusted values~FAVs!. Missing property
values~such as theSOL for 11 of the PCB congeners! are
calculated at the same time. In this adjustment procedure
make use of the uncertainty estimatesuX from step v in such
a way that the least certain parameters are adjusted m
strongly than the most certain ones. For a detailed accoun
the thermodynamic basis of the adjustment procedure
the equations on which it is based see Beyeret al.4 A com-
puter program with the algorithm is available from http
www.usf.uos.de/projects/elpos/download/adjust.en.html.

A complication arises from the mutual solubility of wate
and octanol, i.e., an experimentally determinedKOW is a
quantitative expression of the partitioning between wat
saturated octanol and octanol–saturated water. On the o

l
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TABLE 1. Reported and selected physical–chemical properties for PCB-3

Registry No. 2051-62-9
Chlorine substitution 4-monochlorobiphenyl Melting point temperature/°C 77
Molar mass/g•mol21 188.65 D fusS/J•K21

•mol21 38.03 Ref. 80

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

23 6.20E203 1.43E202 21.85 Shake flask-GC 19
4 3.51E203 1.17E202 21.93 Generator column-GC 20

20 6.39E203 1.55E202 21.81
25 7.83E203 1.74E202 21.76
32 1.13E202 2.21E202 21.65
25 6.89E203 1.53E202 21.82 Generator column-HPLC 21
25 7.11E203 1.58E202 21.80 Generator column-GC 22
25 7.06E203 1.57E202 21.80 Slow stirring-GC 22
5 4.36E203 1.42E202 21.85 Equilibrium gas stripping 23

15 5.67E203 1.52E202 21.82
25 7.26E203 1.61E202 21.79
35 1.15E202 2.15E202 21.67
45 1.61E202 2.55E202 21.59
25 4.77E203 1.06E202 21.97 Generator column-GC 24 Not used, outlier
23 8.00E205 7.82E205 24.11 Slow stirring-GC 25 Not used, outlier
25 7.00E203 6.84E203 22.17 Slow stirring-GC 26 Not used, outlier
25 2.45E202 21.61 Estd., TSA 13 Not used, estimated value
25 4.57E203 4.48E203 22.35 HPLC-retention index 27 Not used, estimated value
25 4.06E203 3.96E203 22.40 Calcd., QSPR 28 Not used, estimated value
25 7.07E203 1.57E202 21.80 Generator column-GC 29 Not used, same value as in Ref. 22

LDV at 25 °C 1.71E202 Linear regression 19, 20, 21, 22, 23Log SWL52631/(T/K) 10.35, r 250.78
~Fig. 2!

FAV at 25 °C 2.02E202 Log SWL52963/(T/K) 11.53 ~Fig. 2!

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 4.61 Shake flask-GC 30
25 4.49 Generator column-HPLC 18
25 4.37 Generator column-GC 29
25 4.49 Generator column-GC 31 Not used, same value as in Ref. 18
25 4.69 Estd., differential substitution constants 30 Not used, estimated value
25 4.4 HPLC-k8 32 Not used, estimated value
25 4.84 Estd., TSA 31 Not used, estimated value
25 4.74 Estd., group contribution 31 Not used, estimated value
25 4.63 HPLC-retention index 27 Not used, estimated value
25 4.69 Estd., TSA 33 Not used, estimated value
25 4.49 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 4.49 Log mean 30, 18, 29
FAV at 25 °C 4.65

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

33 0.73 1.41 0.15 Knudsen effusion 35
37 1.21 2.19 0.34
50 3.31 4.86 0.69
54 4.38 6.06 0.78
59 6.75 8.67 0.94
63 9.77 11.85 1.07
73 19.8 20.92 1.32
35 0.84 1.57 0.20
41 1.47 2.49 0.40
44 2 3.23 0.51
50 2.95 4.33 0.64
52 4.12 5.87 0.77
57 5.69 7.52 0.88
61 8.03 10.02 1.00
62 9.66 11.88 1.07
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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TABLE 1. Reported and selected physical–chemical properties for PCB-3—Continued

T/°C PS PL Log PL Method Reference Note

65 10.8 12.73 1.10
67 12.4 14.21 1.15
68 13.3 15.04 1.18
69 14.6 16.28 1.21
73 15.3 16.16 1.21
4.2 0.011 0.037 21.43 Gas saturation-GC 36

16 0.050 0.131 20.88
24 0.172 0.389 20.41

220 0.000 24 0.0014 22.85 Gas saturation-GC 37
210 0.0013 0.0059 22.23

0 0.0049 0.018 21.75
10 0.0188 0.056 21.26
20 0.0677 0.165 20.78
30 0.223 0.454 20.34

210 21.72 GC-retention time 6 Reported as a linear equation
0 21.19

10 20.70
20 20.25
30 0.18
40 0.58
25 0.930 20.032 GC-retention time 38 Not used, more recent values from simila

methods
25 0.931 20.031 GC-retention time 39 Not used, more recent values from simila

methods
25 0.320 20.49 GC-retention time 13 Not used, more recent values from simila

methods

LDV at 25 °C 20.33 Linear regression 35, 36, 37, 6Log PL523737/(T/K) 112.21,r 250.97
~Fig. 3!

FAV at 25 °C 20.32 LogPL523627/(T/K) 111.84~Fig. 3!

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 35.95 1.56 Calcd., QSPR 28
25 13.07 1.12 Calcd. from estimatedPL andSL 13 Not used, obtained fromPL /SL

LDV at 25 °C 1.56 Directly taken 28
FAV at 25 °C 1.37 LogH522664/(T/K) 110.31

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

210 8.37 Generator column-GC 15 Reported as a linear regression equation
0 7.88

10 7.43
20 7.02
30 6.63

210 8.56 Generator column-GC 14 Reported as a linear regression equation
used, inconsistent with other measurement0 8.00

10 7.49
20 7.02
0 7.86 Multicolumn GC~retention index! 9 Not used, estimated value

20 6.99

LDV at 25 °C 6.82 Directly taken 15 Log KOA vs 1/(T/K) using values
from Refs. 14, 15, and 9~Fig. 5!

FAV at 25 °C 6.78 LogKOA53502/(T/K) 24.97 ~Fig. 5!

Octanol Solubility in mol•m23

T/°C SOS SOL Log SOL Method Reference Note

25 608.0 1350 3.13 Shake flask-GC 40

LDV at 25 °C 1350 Directly taken 40
FAV at 25 °C 1151
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15511551PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 2. Reported and selected physical–chemical properties for PCB-8

Registry No. 34883-43-7
Chlorine substitution 2,48-dichlorobiphenyl Melting point temperature/°C 44
Molar mass/g•mol21 223.1 D fusS/J•K21 mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 9.06E203 1.39E202 21.86 Shake flask-GC 19 Adjusted to 25 °C
25 2.78E203 4.27E203 22.37 Generator column-GC 24
25 3.57E203 5.48E203 22.26 Slow stirring-GC 41 Adjusted to 25 °C
23 8.29E203 1.34E202 21.87 Shake flask-GC 19 Not at 25 °C
20 2.86E203 4.96E203 22.30 Slow stirring-GC 41 Not at 25 °C
23 2.86E203 2.83E203 22.55 Slow stirring-GC 42 Room temperature, assumed to be 23 °C
23 6.23E204 6.17E204 23.21 Slow stirring-GC 25 Not used, Aroclor mixture as standard
25 5.89E203 22.23 Estd., TSA 13 Not used, estimated value
20 2.41E203 22.62 Slow stirring-GC 43 Not used, Aroclor mixture as standard
25 3.44E203 3.41E203 22.47 HPLC-retention index 27 Not used, estimated value
25 2.88E203 2.86E203 22.54 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 7.06E203 Log mean 19, 24, 41
FAV at 25 °C 6.50E203 Log SWL521000/(T/K) 11.17

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 5.04 Shake flask-GC 41 Adjusted to 25 °C
25 5.14 Generator column-GC 18
23 5.10 Shake flask-GC 41 Not at 25 °C
25 5.10 HPLC-k8 32 Not used, estimated value
25 5.14 Generator column-GC 31 Not used, same value as in Ref. 18
25 5.22 Estd., TSA 31 Not used, estimated value
25 5.46 Estd., group contribution 31 Not used, estimated value
25 5.09 HPLC-retention index 27 Not used, estimated value
25 5.14 Generator column-GC 44 Not used, same value as in Ref. 18
25 5.07 Estd., TSA 33 Not used, estimated value
25 5.00 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 5.09 Log mean 41, 18
FAV at 25 °C 5.12

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

20 0.069 21.16 Head space-GC 43
10 0.020 21.70 GC-retention time 45 Reported as a linear equation
20 0.058 21.23
30 0.158 20.80
40 0.400 20.40
10 0.034 21.47 GC-retention time 6 Reported as a linear equation
20 0.096 21.02
30 0.255 20.59
40 0.637 20.20
25 0.150 20.82 GC-retention time 39 Not used, more recent values from similar meth
25 0.142 20.85 GC-retention index 13 Not used, more recent values from similar meth

LDV at 25 °C 20.91 Linear regression 43, 45, 6 Log PL523818/(T/K) 111.90,r 250.95 ~Fig. 3!
FAV at 25 °C 20.83 LogPL523728/(T/K) 111.68~Fig. 3!
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15521552 LI ET AL.
TABLE 2. Reported and selected physical–chemical properties for PCB-8—Continued

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

23 22.29 1.35 Equilibrium conc. ratio 46
20 28.37 1.45 Batch equilibrium-GC 43
25 23.30 1.37 Dynamic gas-water equilibrium 47
4 6.01 0.78 Gas purging-GC 12

11 9.87 0.99
18 15.85 1.20
25 24.89 1.40
31 36.07 1.56
23 96.04 1.98 Gas purging-GC 48 Not used, outlier
25 24.93 1.40 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 31.31 1.50 Estd., molecular connectivity 49 Not used, estimated value
25 30.74 1.49 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.42 Linear regression 46, 43, 47, 12Log H522428/(T/K) 19.56, r 250.93 ~Fig. 4!
FAV at 25 °C 1.36 LogH522728/(T/K) 110.51~Fig. 4!

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

10 8.08 Generator column~fugacity meter!-GC 8 Reported as a linear regression equation
13 7.94
24 7.45
35 6.99
43 6.67
0 8.58 Multicolumn GC~retention index! 9 Not used, estimated value

20 7.61

LDV at 25 °C 7.40 Directly taken 8 Log KOA vs 1/(T/K) using values from Refs. 8 and 9
~Fig. 5!

FAV at 25 °C 7.34 LogKOA53785/(T/K) 25.35 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 1301
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15531553PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 3. Reported and selected physical–chemical properties for PCB-15

Registry No. 2050-68-2
Chlorine substitution 4,48-dichlorobiphenyl Melting point temperature/°C 151
Molar mass/g•mol21 223.1 D fusS/J•K21

•mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

23 3.14E204 5.77E203 22.24 Shake flask-GC 19
25 2.51E204 4.32E203 22.36 Generator column-GC 24
20 2.78E204 5.64E203 22.25 Slow stirring-GC 50
25 2.60E204 4.48E203 22.35 Generator column-HPLC 21
5 9.41E205 3.23E203 22.49 Equilibrium gas stripping 23

15 1.55E204 3.73E203 22.43
25 2.55E204 4.40E203 22.36
35 4.75E204 6.00E203 22.22
45 8.34E204 7.86E203 22.10
25 4.57E203 22.34 Estd., TSA 13 Not used, estimated value
25 1.63E204 2.81E203 22.55 Generator column-GC 51 Not used, outlier
25 4.22E204 7.26E203 23.38 HPLC-retention index 27 Not used, estimated value
25 1.08E204 1.87E203 22.73 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 5.00E203 Linear regression 19, 24, 50, 21, 23Log SWL52807/(T/K) 10.41, r 250.76
~Fig. 3!

FAV at 25 °C 4.30E203 Log SWL52909/(T/K) 10.68 ~Fig. 3!

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 5.52 Shake flask-GC 50 Adjusted to 25 °C
25 5.36 Shake flask-GC 30
25 5.33 Generator column-HPLC 18
20 5.58 Shake flask-GC 50 Not at 25 °C
25 5.33 Generator column-GC 31 Not used, same value as in Ref. 18
25 5.28 Estd., differential substitution constants 30 Not used, estimated value
25 4.82 HPLC-k8 32 Not used, estimated value
25 5.25 Estd., TSA 31 Not used, estimated value
25 5.46 Estd., group contribution 31 Not used, estimated value
25 5.23 HPLC-retention index 27 Not used, estimated value
25 5.3 Estd., TSA 33 Not used, estimated value
25 5.04 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 5.35 Log mean 50, 30, 18
FAV at 25 °C 5.36
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15541554 LI ET AL.
TABLE 3. Reported and selected physical–chemical properties for PCB-15—Continued

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

29.88 0.00515 0.076 21.12 Knudsen effusion 52
66.58 0.439 2.343 0.37
76.78 1.281 5.345 0.73
87 3.521 11.655 1.07
10 6.03E203 22.22 GC-retention time 45 Reported as a linear equation
20 1.87E202 21.73
30 5.41E202 21.27
40 1.46E201 20.84

210 1.206E205 7.43E204 23.13 Gas saturation-GC 37
0 8.303E205 3.44E203 22.46

10 4.159E204 1.19E202 21.92
20 1.197E203 2.43E202 21.61
30 4.475E203 6.58E202 21.18

210 1.23E203 22.91 GC-retention time 6 Reported as a linear equation
0 4.39E203 22.36

10 1.43E202 21.84
20 4.31E202 21.37
30 1.20E201 20.92
25 21.11 GC-retention time 38 Not used, more recent values from

similar methods
25 0.077 21.18 GC-retention time 39 Not used, more recent values from

similar methods
25 0.067 21.29 GC-retention index 13 Not used, more recent values from

similar methods

LDV at 25 °C 21.23 Linear regression 52, 45, 37, 6Log PL523931/(T/K) 111.89,r 250.99
~Fig. 3!

FAV at 25 °C 21.24 LogPL523829/(T/K) 111.60~Fig. 3!

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 14.69 1.17 Gas purging-GC 53
25 20.16 1.30 Gas purging-GC 54
25 9.67 0.99 Wetted wall column-GC 55
23 30.40 1.48 Equilibrium conc. ratio 46 Not used, Aroclor mixture as standard
25 11.04 1.04 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 20.16 1.30 Gas purging-GC 51 Not used, same value as in Ref. 54
25 27.40 1.44 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.15 Log mean 53, 54, 55
FAV at 25 °C 1.13 LogH522921/(T/K) 110.92~Fig. 4!

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

0 8.87 Multicolumn GC~retention index! 9
20 7.88

210 9.31 Generator column-GC 14 Reported as a linear regression equation
0 8.78 Not used, highly inconsistent with other properti

10 8.29
20 7.84

LDV at 25 °C 7.65 Extrapolation 9 Log KOA vs 1/(T/K) using values from
Refs. 14 and 9~Fig. 5!

FAV at 25 °C 7.85 LogKOA54078/(T/K) 25.83 ~Fig. 5!

Octanol Solubility in mol•m23

T/°C SOS SOL Log SOL Method Reference Note

25 71.27 1227.6 3.089 Shake flask-GC 40
4 93.33 3322.4 3.521 Shake flask-GC 56

12 107.15 2856.7 3.456
20 128.82 2612.9 3.417

LDV at 25 °C 1590 Log mean 40, 56 Log SOL vs 1/(T/K) using values from
Refs. 40 and 56~Fig. 6!

FAV at 25 °C 1635
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15551555PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 4. Reported and selected physical–chemical properties for PCB-28

Registry No. 7012-37-5
Chlorine substitution 2,4,48-trichlorobiphenyl Melting point temperature/°C 58
Molar mass/g•mol21 257.54 D fusS/J•K21

•mol21 56 Default

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 3.61E204 7.61E204 23.12 Shake flask-GC 19 Adjusted to 25 °C
25 1.01E203 2.13E203 22.67 Generator column-GC 24
25 5.61E204 1.18E203 22.93 Slow stirring-GC 41 Adjusted to 25 °C
25 4.50E204 9.49E204 23.02 Slow stirring-GC 57
25 4.53E204 9.55E204 23.02 Generator column-GC 51
25 2.98E204 6.28E204 23.20 Generator column-GC 58 Adjusted to 25 °C
23 3.30E204 7.32E204 23.14 Shake flask-GC 19 Not at 25 °C
20 4.47E204 1.07E203 22.97 Slow stirring-GC 41 Not at 25 °C
22 2.60E204 5.92E204 23.23 Generator column-GC 58 Not at 25 °C
23 3.83E205 8.50E205 24.07 Slow stirring-GC 25 Not used, Aroclor mixture as standa
20 5.56E204 1.33E203 22.88 Slow stirring-GC 43 Not used, Aroclor mixture as standa
25 1.21E203 22.92 Estd., TSA 13 Not used, estimated value
25 5.92E204 1.25E203 22.90 HPLC-retention index 27 Not used, estimated value
25 3.44E204 7.26E204 23.14 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.01E203 Log mean 19, 24, 41, 57, 51, 58
FAV at 25 °C 8.85E204 Log SWL521147/(T/K) 10.79

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 5.55 Shake flask-GC 41 Adjusted to 25 °C
25 5.74 Estd., differential substitution constants 30 Not used, estimated value
20 5.62 Shake flask-GC 41 Not at 25 °C
25 5.71 HPLC-retention index 27 Not used, estimated value
25 5.67 Estd., TSA 33 Not used, estimated value
25 5.49 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 5.55 Directly taken after T adjustment 41
FAV at 25 °C 5.66

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

20 1.49E202 21.83 Head space-GC 43
10 2.78E203 22.56 GC-retention time 45 Reported as a linear equation
20 9.10E203 22.04
30 2.75E202 21.56
40 7.75E202 21.11
10 6.43E203 22.19 GC-retention time 6 Reported as a linear equation
20 1.99E202 21.70
30 5.73E202 21.24
40 1.54E201 20.81
25 3.40E202 21.47 GC-retention index 39 Not used, more recent values

from similar methods
25 2.77E202 21.56 GC-retention index 13 Not used, more recent values

from similar methods

LDV at 25 °C 21.63 Linear regression 43, 45, 6 LogPL524157/(T/K) 112.31,
r 250.91 ~Fig. 3!

FAV at 25 °C 21.57 LogPL524007/(T/K) 111.87
~Fig. 3!
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15561556 LI ET AL.
TABLE 4. Reported and selected physical–chemical properties for PCB-28—Continued

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

20 26.75 1.43 Batch equilibrium-GC 43
25 20.27 1.31 Dynamic gas–water equilibrium 47

10.4 8.70 0.94 Gas purging-GC 11
20 21.20 1.33

30.1 47.40 1.68
34.9 50.30 1.70
42.1 70.80 1.85
47.9 120.60 2.08
48.4 122.20 2.09

4 13.13 1.12 Gas purging-GC 12
11 19.06 1.28
18 27.18 1.43
25 38.14 1.58
31 50.39 1.70
25 22.80 1.36 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 28.95 1.46 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.52 Linear regression 43, 47, 11, 12 Log H522101/(T/K) 18.57, r 250.90
~Fig. 4!

FAV at 25 °C 1.48 LogH522860/(T/K) 111.08~Fig. 4!

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

10 8.68 Generator column~fugacity meter!-GC 8 Reported as a linear regression equati
13 8.52
24 7.98
35 7.48
43 7.13
0 9.43 Multicolumn GC~retention index! 9 Not used, estimated value

20 8.40

LDV at 25 °C 7.93 Directly taken 8 Log KOA vs 1/(T/K) using values from
Refs. 8 and 9~Fig. 5!

FAV at 25 °C 7.85 LogKOA54102/(T/K) 25.91 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 768
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15571557PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 5. Reported and selected physical–chemical properties for PCB-29

Registry No. 15862-07-4
Chlorine substitution 2,4,5-trichlorobiphenyl Melting point temperature/°C 77
Molar mass/g•mol21 257.54 D fusS/J•K21

•mol21 65.2 Ref. 59

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 3.57E204 1.40E203 22.85 Generator column-GC 24
25 6.32E204 2.48E203 22.61 Generator column-GC 59
25 5.44E204 2.13E203 22.67 Generator column-HPLC 21
5 1.60E204 1.22E203 22.91 Equilibrium gas stripping 23

15 2.65E204 1.43E203 22.84
25 4.12E204 1.62E203 22.79
35 7.88E204 2.30E203 22.64
45 1.28E203 2.82E203 22.55
25 1.45E203 22.84 Estd., TSA 13 Not used, estimated value
25 4.47E204 1.75E203 22.76 HPLC-retention index 27 Not used, estimated value
25 3.24E204 1.27E203 22.90 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.86E203 Linear regression 24, 59, 21, 23Log SWL52824/(T/K) 10.03, r 250.69
~Fig. 2!

FAV at 25 °C 1.51E203 Log SWL52977/(T/K) 10.46 ~Fig. 2!

Octanol-Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 5.51 Generator column-GC 59
25 5.81 Generator column-HPLC 18
25 5.90 Slow stirring-GC~HPLC! 60
25 5.77 Estd., differential substitution constants 30 Not used, estimated value
25 6.25 HPLC-k8 32 Not used, estimated value
25 5.81 Generator column-GC 31 Not used, same value as in Ref. 18
25 5.59 Estd., TSA 31 Not used, estimated value
25 6.17 Estd., group contribution 31 Not used, estimated value
25 5.52 Estd., LSER 61 Not used, estimated value
25 5.81 HPLC-retention index 27 Not used, estimated value
25 5.60 Estd., TSA 33 Not used, estimated value
25 5.49 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 5.74 Log mean 59, 18, 60
FAV at 25 °C 5.60

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

10 8.68E203 22.06 GC-retention time 6 Reported as a linear equation
20 2.64E202 21.58
25 4.47E202 21.35
30 7.45E202 21.13
40 1.97E201 20.71
25 4.44E202 21.35 GC-retention time 38 Not used, more recent values

from similar methods
25 4.59E202 21.34 GC-retention time 39 Not used, more recent values

from similar methods
25 3.66E202 21.44 GC-retention index 13 Not used, more recent values

from similar methods

LDV at 25 °C 21.35 Directly taken 6
FAV at 25 °C 21.34 LogPL523904/(T/K) 111.75
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15581558 LI ET AL.
TABLE 5. Reported and selected physical–chemical properties for PCB-29—Continued

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 20.27 1.31 Dynamic gas-water equilibrium-GC 47
4 12.12 1.08 Gas purging-GC 12

11 18.04 1.26
18 26.37 1.42
25 37.89 1.58
31 51.03 1.71
25 25.33 21.99 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 27.05 1.43 Estd., molecular connectivity 49 Not used, estimated value
25 31.82 21.89 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.51 Linear regression 47, 12 Log H521674/(T/K) 17.13, r 250.78 ~Fig. 4!
FAV at 25 °C 1.48 LogH522927/(T/K) 111.30~Fig. 4!

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

0 9.15 Multicolumn GC~retention index! 9
20 8.05

210 9.61 Generator column-GC 14 Reported as a linear regression equation
0 9.08 Not used, highly inconsistent with other propertie

10 8.59
20 8.14

LDV at 25 °C 7.80 Extrapolation 9 Log KOA vs 1/(T/K) using values from Refs. 9, 14
~Fig. 5!

FAV at 25 °C 7.78 LogKOA54175/(T/K) 26.22 ~Fig. 5!

Octanol Solubility in mol•m23

T/°C SOS SOL Log SOL Method Reference Note

25 176.17 692 2.84 Shake flask-GC 40

LDV at 25 °C 692 Directly taken 40
FAV at 25 °C 1114
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15591559PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 6. Reported and selected physical–chemical properties for PCB-31

Registry No. 16606-02-3
Chlorine substitution 2,5,48-trichlorobiphenyl Melting point temperature/°C 64.5
Molar mass/g•mol21 257.54 D fusS/J•K21

•mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 3.49E204 8.53E204 23.07 Generator column-GC 58
23 3.71E204 9.53E204 23.02 Slow stirring-GC 25 Not used, Aroclor mixture as standard
20 5.55E204 23.26 Slow stirring-GC 43 Not used, Aroclor mixture as standard
25 1.23E203 22.91 Estd., TSA 13 Not used, estimated value
25 6.61E204 1.61E203 22.79 HPLC-retention index 27 Not used, estimated value
25 3.71E204 9.05E204 23.04 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 8.53E204 Directly taken 58
FAV at 25 °C 7.54E204 Log SWL521123/(T/K) 10.64

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 5.79 Generator column-GC 18
25 5.77 Estd., differential substitution constants 30 Not used, estimated value
25 5.69 HPLC-k8 32 Not used, estimated value
25 5.79 Generator column-GC 31 Not used, same value as in Ref. 18
25 6.17 Estd., group contribution 31 Not used, estimated value
25 5.63 Estd., TSA 31 Not used, estimated value
25 5.67 Estd., TSA 33 Not used, estimated value
25 5.68 HPLC-retention index 27 Not used, estimated value
25 5.53 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 5.79 Directly taken 18
FAV at 25 °C 5.78

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

20 1.49E202 21.83 Head-space-GC 43
10 2.78E203 22.56 GC-retention time 45 Reported as a linear equation
20 9.10E203 22.04
30 2.75E202 21.56
40 7.75E202 21.11
10 6.58E203 22.18 GC-retention time 6 Reported as a linear equation
20 2.03E202 21.69
30 5.81E202 21.24
40 1.55E201 20.81
25 4.02E202 21.40 GC-retention time 38 Not used, more recent values from similar met
25 3.59E202 21.44 GC-retention time 39 Not used, more recent values from similar met
25 3.13E202 21.50 GC-retention index 13 Not used, more recent values from similar met

LDV at 25 °C 21.62 Linear regression 43, 45, 6Log PL524149/(T/K) 112.29,r 250.91 ~Fig. 3!
FAV at 25 °C 21.59 LogPL524010/(T/K) 111.86~Fig. 3!
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15601560 LI ET AL.
TABLE 6. Reported and selected physical–chemical properties for PCB-31—Continued

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 107.53 2.03 Gas purging-GC 48 Adjusted to 25 °C
25 23.29 1.37 Equilibrium conc. ratio 46 Adjusted to 25 °C
25 38.01 1.58 Equilibrium conc. ratio 43 Adjusted to 25 °C
25 19.25 1.28 Dynamic gas-water equilibrium-GC 47
23 93.57 1.97 Gas purging-GC 48 Not at 25 °C
23 20.27 1.31 Equilibrium conc. ratio 46 Room temperature, assumed to be 23 °C
20 26.75 1.43 Equilibrium conc. ratio 43 Not at 25 °C
25 25.43 1.41 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 28.47 1.45 Estd., molecular connectivity 49 Not used, estimated value
25 27.78 1.44 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.57 Log mean 48, 46, 43, 47
FAV at 25 °C 1.53 LogH522887/(T/K) 111.22

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

10 8.68 Generator column~fugacity meter!-GC 8 Reported as a linear regression equation
13 8.52
24 7.98
35 7.48
43 7.13
0 9.43 Multicolumn GC~retention index! 9 Not used, estimated value

20 8.40

LDV at 25 °C 7.93 Directly taken 8 Log KOA vs 1/(T/K) using values from Refs. 8 and 9
~Fig. 5!

FAV at 25 °C 7.94 LogKOA54110/(T/K) 25.84 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 902 902
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15611561PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 7. Reported and selected physical–chemical properties for PCB-52

Registry No. 35693-99-3
Chlorine substitution 2,5,28,58-tetrachlorobiphenyl Melting point temperature/°C 86.5
Molar mass/g•mol21 291.99 D fusS/J•K21

•mol21 46.1 Ref. 63

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 1.72E204 5.38E204 23.27 Shake flask-GC 19 Adjusted to 25 °C
25 5.96E205 1.87E204 23.73 Generator column-GC 58 Adjusted to 25 °C
25 3.75E204 1.18E203 22.93 Generator column-GC 51
25 5.82E204 1.83E203 22.74 Generator column-HPLC 21
23 1.58E204 5.17E204 23.29 Shake flask-GC 19 Not at 25 °C
22 5.24E205 1.76E204 23.75 Generator column-GC 58 Not at 25 °C
23 8.49E204 2.79E203 22.55 Slow stirring-GC 42 Room temperature, assumed to be 23

not used, outlier
23 7.64E205 2.51E204 23.60 Slow stirring-GC 25 Not used, Aroclor mixture as standard
25 3.62E204 23.44 Estd., TSA 13 Not used, estimated value
20 3.87E204 23.41 Slow stirring-GC 43 Not used, Aroclor mixture as standard
25 1.00E204 3.14E204 23.50 HPLC-retention index 27 Not used, estimated value
25 1.14E204 3.59E204 23.45 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 6.82E204 Log mean 19, 58, 51, 21
FAV at 25 °C 4.78E204 Log SWL521103/(T/K) 10.37

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 6.26 Estd., differential substitution constants 30
25 6.09 HPLC-k8 32
25 5.79 HPLC-retention index 27
25 5.84 Estd., TSA 33
25 6.13 Estd., characteristic root index 34

LDV at 25 °C 6.00 Log mean 30, 32, 27, 33, 34 No directly measured values
FAV at 25 °C 5.91

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

25 2.53E203 7.94E203 2.10 Saturation column-GC 64
30 4.80E203 1.35E202 21.87
20 9.04E203 22.04 Head space-GC 43
10 1.20E203 22.92 GC-retention time 45 Reported as a linear equation
20 4.10E203 22.39
30 1.29E202 21.89
40 3.79E202 21.42
10 2.86E203 22.54 GC-retention time 6 Reported as a linear equation
20 9.22E203 22.04
30 2.75E202 21.56
40 7.66E202 21.12
25 7.33E203 2.30E202 21.64 GC-retention time 65 Not used, more recent values

from similar methods
25 1.19E202 21.92 GC-retention time 38 Not used, more recent values

from similar methods
25 1.78E202 21.75 GC-retention index 39 Not used, more recent values

from similar methods
25 1.93E202 21.72 GC-retention index 13 Not used, more recent values

from similar methods

LDV at 25 °C 21.97 Linear regression 64, 43, 45, 6 LogPL524190/(T/K) 112.08,
r 250.998~Fig. 3!

FAV at 25 °C 21.92 LogPL524059/(T/K) 111.69
~Fig. 3!
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15621562 LI ET AL.
TABLE 7. Reported and selected physical–chemical properties for PCB-52—Continued

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

23 27.00 1.43 Equilibrium conc. ratio-GC 46
20 12.16 1.08 Gas purging-GC 66
20 24.12 1.38 Equilibrium conc. ratio-GC 43
25 34.65 1.54 Gas purging-GC 54
25 20.27 1.31 Dynamic gas–water equilibrium-GC 47

10.4 8.60 0.93 Gas purging-GC 11
20 16.40 1.21

30.1 37.40 1.57
34.9 38.80 1.59
42.1 68.70 1.84
47.9 109.20 2.04
48.4 120.60 2.08

4 11.34 1.05 Gas purging-GC 12
11 16.13 1.21
18 22.56 1.35
25 31.07 1.49
31 40.43 1.61
23 93.57 1.97 Gas purging-GC 48 Not used, outlier
25 53.20 1.73 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 34.65 1.54 Gas purging-GC 51 Not used, same value as in Ref
25 27.78 1.44 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.45 Linear regression 46, 66, 43, 54, 47, 11, 12 LogH522189/(T/K) 18.79,
r 250.88 ~Fig. 4!

FAV at 25 °C 1.40 LogH522956/(T/K) 111.32
~Fig. 4!

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

10 8.99 Generator column~fugacity meter!-GC 8 Reported as a linear regression
equation

13 8.83
24 8.27
35 7.74
43 7.39
0 9.46 Multicolumn GC~retention index! 9 Not used, estimated value

20 8.49

LDV at 25 °C 8.22 Directly taken 8 Log KOA vs 1/(T/K) using values
from Refs. 8 and 9~Fig. 5!

FAV at 25 °C 8.22 LogKOA54251/(T/K) 26.04
~Fig. 5!

Octanol Solubility in mol•m23

T/°C SOS SOL Log SOL Method Reference Note

25 234 735 2.87 Shake flask-GC 40

LDV at 25 °C 735 Directly taken 40
FAV at 25 °C 799
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15631563PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 8. Reported and selected physical–chemical properties for PCB-61

Registry No. 33284-53-6
Chlorine substitution 2,3,4,5-tetrachlorobiphenyl Melting point temperature/°C 90
Molar mass/g•mol21 291.99 D fusS/J•K21

•mol21 69.1 Ref. 59

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 6.58E205 4.06E204 23.39 Generator column-GC 24
25 7.17E205 4.42E204 23.35 Generator column-GC 59
25 4.78E205 2.95E204 23.53 Generator column-GC 51
25 4.68E205 2.89E204 23.54 Generator column-GC 22
5 1.92E205 2.46E204 23.61 Equilibrium gas stripping 23

15 3.49E205 3.07E204 23.51
25 5.34E205 3.30E204 23.48
35 9.76E205 4.33E204 23.36
45 1.92E204 6.25E204 23.20
25 4.86E204 23.31 Estd., TSA 13 Not used, estimated value
25 3.39E205 2.09E204 23.68 Generator column-HPLC 21 Not used, outlier
25 7.76E205 4.79E204 23.32 HPLC-retention index 27 Not used, estimated value
25 6.18E205 3.81E204 23.42 Calcd., QSPR 28 Not used, estimated value
25 4.66E205 2.88E204 23.54 Generator column-GC 29 Not used, same value as in Ref. 22

LDV at 25 °C 3.63E204 Linear regression 24, 59, 51, 22, 23Log SWL52839/(T/K) 20.626,r 250.72
~Fig. 2!

FAV at 25 °C 3.46E204 Log SWL521043/(T/K) 10.037~Fig. 2!

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 5.72 Generator column-GC 59
25 6.18 Generator column-GC 33
25 6.41 Slow stirring-GC~HPLC! 60
25 6.38 Generator column-GC 29
25 6.39 Estd., differential substitution constants 30 Not used, estimated value
25 6.09 HPLC-k8 32 Not used, estimated value
25 6.44 HPLC-retention index 27 Not used, estimated value
25 6.04 Estd., TSA 33 Not used, estimated value
25 5.92 Estd., LSER 61 Not used, estimated value
25 5.97 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 6.17 Log mean 59, 33, 60, 29
FAV at 25 °C 6.11

Vapor Pressure Pa
T/°C PS PL Log PL Method Reference Note

220 5.30E207 1.99E205 24.70 Generator column-GC 37
210 3.82E206 9.10E205 24.04

0 1.44E205 2.25E204 23.65
10 6.16E205 6.52E204 23.19
20 1.85E204 1.36E203 22.87
0 5.46E204 23.26 GC-retention time 6 Reported as a linear equation

10 2.01E203 22.70
20 6.79E203 22.17
30 2.11E202 21.67
25 5.58E203 21.917 GC-retention index 13 Not used, estimated value

LDV at 25 °C 22.14 Linear regression 37, 6 Log PL524330/(T/K) 112.38,r 250.92
~Fig. 3!

FAV at 25 °C 22.16 LogPL524193/(T/K) 111.91~Fig. 3!
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15641564 LI ET AL.
TABLE 8. Reported and selected physical–chemical properties for PCB-61—Continued

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 17.5 1.24 Estd., molecular connectivity 49
25 24.14 1.38 Calcd., QSPR 28
25 11.4 1.06 Calcd. from estimatedPL andSL 13 Not used, estimated value

LDV at 25 °C 1.31 Log mean 49, 28
FAV at 25 °C 1.30 LogH523150/(T/K) 111.87

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

0 10.19 Multicolumn GC~retention index! 9
20 8.93

210 10.26 14 Reported as a linear regression equation; not used,
0 9.78 highly inconsistent with other properties

10 9.33
20 8.92

LDV at 25 °C 8.64 Extrapolation 9 Log KOA vs 1/(T/K) using values from Refs. 14 and 9
~Fig. 5!

FAV at 25 °C 8.55 LogKOA54660/(T/K) 27.08 ~Fig. 5!

Octanol Solubility in mol•m23

T/°C SOS SOL Log SOL Method Reference Note

25 140 862 2.94 Shake flask-GC 40

LDV at 25 °C 862 Directly taken 40
FAV at 25 °C 983
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15651565PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 9. Reported and selected physical–chemical properties for PCB-101

Registry No. 37680-73-2
Chlorine substitution 2,4,5,2’,5’-pentachlorobiphenyl Melting point temperature/°C 77
Molar mass/g•mol21 326.43 D fusS/J•K21

•mol21 53.6 Ref. 63

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

23 8.58E205 2.78E204 23.56 Shake flask-GC 19
25 1.29E205 3.96E205 24.40 Generator column-GC 24
24 3.06E205 9.67E205 24.01 Slow stirring-GC 50
25 5.92E205 1.82E204 23.74 Generator column-GC 59
25 3.37E205 1.04E204 23.98 Slow stirring-GC 57
4 1.88E205 1.03E204 23.99 Generator column-GC 67

20 3.71E205 1.30E204 23.89
25 4.72E205 1.45E204 23.84
32 6.83E205 1.77E204 23.75
20 8.06E205 24.09 Slow stirring-GC 43
25 2.07E205 6.37E205 24.20 Generator column-GC 51
23 3.16E205 1.02E204 23.99 Slow stirring-GC 42 Room temperature, assumed

to be 23 °C
25 1.53E206 4.71E206 25.33 Generator column-GC 68 Not used, outlier
25 1.09E204 23.96 Estd., TSA 13 Not used, estimated value
25 2.88E205 8.88E205 24.05 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 9.57E205 Log mean 19, 24, 50, 59, 57,
67, 43, 51

FAV at 25 °C 1.02E204 Log SWL521113/(T/K) 20.27

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 5.92 Ratio of SWO andSOW measured by slow
stirring

59

25 6.50 Generator column-GC 18
25 6.04 Shake flask-GC 50 Adjusted to 25 °C
20 6.11 Shake flask-GC 50 Not at 25 °C
25 6.85 Estd., differential substitution constants 30 Not used, estimated value
25 6.42 HPLC-k8 68 Not used, estimated value
25 7.07 HPLC-k8 32 Not used, estimated value
25 6.88 HPLC-k8 69 Not used, estimated value
25 6.50 Generator column-GC 31 Not used, same value as in Ref
25 7.60 Estd., group contribution 31 Not used, estimated value
25 6.39 Estd., TSA 31 Not used, estimated value
25 6.3 HPLC-retention index 27 Not used, estimated value
25 6.50 Generator column-GC 70 Not used, same value as Ref. 1
25 6.38 Estd., TSA 33 Not used, estimated value
25 6.62 Estd., LSER 61 Not used, estimated value
25 6.64 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 6.15 Log mean 59, 18, 50
FAV at 25 °C 6.33
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15661566 LI ET AL.
TABLE 9. Reported and selected physical–chemical properties for PCB-101—Continued

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

25 9.60E204 2.96E203 22.53 Gas saturation-GC 64
30 1.73E203 4.70E203 22.33
20 1.46E203 22.84 Head space-GC 43
10 2.24E204 23.65 GC-retention time 45 Reported as a linear equation
20 8.35E204 23.08
30 2.86E203 22.54
40 9.05E203 22.04
10 5.34E204 23.27 GC-retention time 6 Reported as a linear equation
20 1.87E203 22.73
30 6.02E203 22.22
40 1.80E202 21.74
25 1.23E203 3.78E203 22.42 GC-retention time 65 Not used, more recent values from

similar methods
25 3.67E203 22.44 GC-retention time 38 Not used, more recent values from

similar methods
25 3.82E203 22.42 GC-retention index 39 Not used, more recent values from

similar methods
25 3.58E203 22.45 GC-retention index 13 Not used, more recent values from

similar methods

LDV at 25 °C 22.62 Linear regression 64, 43, 45, 6Log PL524632/(T/K) 112.92,r 250.92
~Fig. 3!

FAV at 25 °C 22.61 LogPL524346/(T/K) 111.94~Fig. 3!

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 28.8 1.46 Batch equilibrium-GC 43 Adjusted to 25 °C
25 25.43 1.41 Gas purging-GC 54
4 15.75 1.20 Gas purging-GC 12

11 22.2 1.35
18 30.8 1.49
25 42.1 1.62
31 54.4 1.74
20 18.1 1.26 Batch equilibrium-GC 43 Not at 25 °C
20 7.1 0.85 Gas purging-GC 66 Not at 25 °C
25 11.3 1.05 Gas purging-GC 66 Adjusted to 25 °C, not used, outlier
25 32.7 1.51 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 24.9 1.40 Calcd., QSPR 28 Not used, estimated value
25 25.4 1.41 Gas purging 51 Not used, same value as Ref. 54

LDV at 25 °C 1.50 Log mean 43, 54, 12
FAV at 25 °C 1.38 LogH523233/(T/K) 112.21

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

0 10.24 Generator column-GC 15 Reported as a linear regression equa
10 9.75
20 9.28
30 8.85
10 9.56 Generator column~fugacity meter!-GC 8 Reported as a linear regression equatio
13 9.40
24 8.83
35 8.31
0 10.25 Multicolumn GC~retention index! 9 Not used, estimated value

20 9.28

LDV at 25 °C 8.90 Linear regression 15, 8 Log KOA54291/(T/K) 25.50, r 250.96
~Fig. 5!

FAV at 25 °C 8.73 LogKOA54302/(T/K) 25.60 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 534
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15671567PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 10. Reported and selected physical–chemical properties for PCB-105

Registry No. 32598-14-4
Chlorine substitution 2,3,4,38,48-pentachlorobiphenyl Melting point temperature/°C 117
Molar mass/g•mol21 326.43 D fusS/J•K21

•mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 1.24E204 23.91 Estd., TSA 13
25 3.00E205 2.40E204 23.62 HPLC-retention index 27
25 5.82E206 4.65E205 24.33 Calcd., QSPR 28
25 3.28E206 2.62E205 24.58 Generator column-GC 71 Not used, highly inconsistent with other proper

LDV at 25 °C 1.11E204 Log mean 13, 27, 28
FAV at 25 °C 7.45E205 Log SWL521285/(T/K) 10.18

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 6.61 Generator column-GC 72
25 5.82 Generator column-GC 33 Not used, highly inconsistent with other proper
25 6.02 Slow stirring-GC 73 Not used, highly inconsistent with other properti
25 6.79 HPLC-retention index 27 Not used, estimated value
25 6.65 Estd., TSA 33 Not used, estimated value
25 6.57 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 6.61 Directly taken 72
FAV at 25 °C 6.82

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

0 3.03E205 24.52 GC-retention time 6 Reported as a linear equation
10 1.25E204 23.90
20 4.67E204 23.33
30 1.60E203 22.80
25 9.02E204 23.04 GC-retention time 38 Not used, more recent values from similar meth
25 7.74E204 23.11 GC-retention index 39 Not used, more recent values from similar meth
25 7.07E204 23.15 GC-retention index 13 Not used, more recent values from similar meth

LDV at 25 °C 23.06 Directly taken 6
FAV at 25 °C 22.99 LogPL524554/(T/K) 112.29

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

4 3.09 0.49 Gas purging-GC 12
11 7.10 0.85
18 15.73 1.20
25 33.6 1.53
31 62.5 1.80
25 5.68 0.75 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 6.08 0.78 Estd., molecular connectivity 49 Not used, estimated value
25 10.06 1.00 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.53 Directly taken 12
FAV at 25 °C 1.14 LogH523269/(T/K) 112.10
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15681568 LI ET AL.
TABLE 10. Reported and selected physical–chemical properties for PCB-105—Continued

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

210 12.10 Generator column-GC 15 Reported as a linear regression equation
0 11.45

10 10.84
20 10.28
30 9.75
0 11.41 Multicolumn GC~retention index! 9 Not used, estimated value

20 10.20

LDV at 25 °C 10.0 Directly taken 15 Log KOA vs 1/(T/K) for values from Refs. 15 and 9~Fig. 5!
FAV at 25 °C 9.53 LogKOA54630/(T/K) 26.00 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 1410

TABLE 11. Reported and selected physical–chemical properties for PCB-118

Registry No. 31508-00-6
Chlorine substitution 2,4,5,38,48-pentachlorobiphenyl Melting point temperature/°C 110
Molar mass/g•mol21 326.43 D fusS/J•K21

•mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 1.03E204 23.99 Estimated from TSA 13
25 4.56E205 24.34 Slow stirring-GC 43 Adjusted to 25 °C
25 4.68E205 3.19E204 23.50 HPLC-retention index 27
25 6.10E206 4.2E205 24.38 Calcd., QSPR 28
20 4.12E205 24.39 Slow stirring-GC 43 Not at 25 °C
25 3.28E206 2.24E205 24.65 Generator column-GC 71 Not used, highly inconsistent with other prope

LDV at 25 °C 8.88E205 Log mean 13, 43, 27, 28
FAV at 25 °C 6.83E205 Log SWL521339/(T/K) 10.32

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 6.49 Generator column-GC 72
25 7.12 HPLC-k8 32 Not used, estimated value
25 6.57 HPLC-retention index 27 Not used, estimated value
25 6.74 Estd., TSA 33 Not used, estimated value
25 6.58 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 6.49 Directly taken 72
FAV at 25 °C 6.69

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

20 3.55E204 23.45 Head space-GC 43
10 9.51E205 24.02 GC-retention time 45 Reported as a linear equation
20 3.75E204 23.43
30 1.35E203 22.87
40 4.46E203 22.35
10 1.77E204 23.75 GC-retention time 6 Reported as a linear equation
20 6.46E204 23.19
30 2.16E203 22.67
40 6.70E203 22.17
25 1.20E203 22.92 GC-retention time 38 Not used, more recent values from similar met
25 1.13E203 22.95 GC-retention index 39 Not used, more recent values from similar met
25 9.62E204 23.02 GC-retention index 13 Not used, more recent values from similar met
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003



15691569PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 11. Reported and selected physical–chemical properties for PCB-118—Continued

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

LDV at 25 °C 23.05 Linear regression 45, 43, 6 Log PL524853/(T/K) 113.23,r 250.96 ~Fig. 3!
FAV at 25 °C 23.00 LogPL524627/(T/K) 112.52~Fig. 3!

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

23 40.53 1.61 Equilibrium conc. ratio-GC 46
20 8.61 0.94 Equilibrium conc. ratio-GC 43
4 7.34 0.87 Gas purging-GC 12

11 12.81 1.11
18 21.79 1.34
25 36.20 1.56
31 54.80 1.74
25 9.352 0.97 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 11.75 1.07 Estd., molecular connectivity 49 Not used, estimated value
25 12.73 1.10 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.51 Linear regression 46, 43, 12Log H522699/(T/K) 110.56,r 250.70 ~Fig. 4!
FAV at 25 °C 1.16 LogH523289/(T/K) 112.19~Fig. 4!

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

210 11.91 Generator column-GC 15 Reported as a linear regression equation
0 11.26

10 10.65
20 10.09
30 9.56
0 11.13 Multicolumn GC~retention index! 9 Not used, estimated value

20 10.04

LDV at 25 °C 9.80 Directly taken 15 Log KOA vs 1/(T/K) for values from Refs. 15 and 9~Fig. 5!
FAV at 25 °C 9.36 LogKOA54646/(T/K) 26.22 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 918
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15701570 LI ET AL.
TABLE 12. Reported and selected physical–chemical properties for PCB-138

Registry No. 35065-28-2
Chlorine substitution 2,3,4,28,48,58-hexachlorobiphenyl Melting point temperature/°C 79
Molar mass/g•mol21 360.88 D fusS/J•K21

•mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 4.40E205 24.36 Estd., TSA 13
25 6.60E206 2.24E205 24.65 Slow stirring-GC 43 Adjusted to 25 °C
25 3.98E206 1.35E205 24.87 HPLC-retention index 27
25 4.20E206 1.42E205 24.85 Calcd., QSPR 28
20 5.21E206 2.02E205 24.69 Slow stirring-GC 43 Not at 25 °C

LDV at 25 °C 2.08E205 Log mean 13, 43, 27, 28
FAV at 25 °C 1.87E205 Log SWL521437/(T/K) 10.093

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 7.44 HPLC-k8 32
25 6.73 HPLC-retention index 27
25 6.83 Estd., TSA 33

LDV at 25 °C 7.00 Log mean 32, 27, 33
FAV at 25 °C 7.22

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

20 1.47E204 23.83 Head space-GC 43
10 8.42E205 24.07 GC-retention time 45 Reported as a linear equation
20 3.41E204 23.47
30 1.26E203 22.90
40 4.27E203 22.37
10 7.21E205 24.14 GC-retention time 6 Reported as a linear equation
20 2.73E204 23.56
30 9.47E204 23.02
40 3.03E203 22.52
25 5.34E204 23.27 GC-retention time 38 Not used, more recent values from similar meth
25 5.03E204 23.30 GC-retention index 39 Not used, more recent values from similar meth
25 4.87E204 23.31 GC-retention index 13 Not used, more recent values from similar meth

LDV at 25 °C 23.27 Linear regression 43, 45, 6 Log PL525034/(T/K) 113.62,r 250.97 ~Fig. 3!
FAV at 25 °C 23.25 LogPL524770/(T/K) 112.75~Fig. 3!

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

23 48.64 1.69 Equilibrium conc. ratio-GC 46
20 7.60 0.88 Equilibrium conc. ratio-GC 43
4 2.88 0.46 Gas purging-GC 12

11 7.50 0.88
18 18.68 1.27
25 44.60 1.65
31 91.10 1.96
25 11.04 1.04 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 10.84 1.04 Estd., molecular connectivity 49 Not used, estimated value
25 2.13 0.33 Dynamic gas–water equilibrium 47 Not used, outlier
25 13.2 1.12 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.60 Linear regression 46, 43, 12 Log H524672/(T/K) 117.27,r 250.86 ~Fig. 4!
FAV at 25 °C 1.48 LogH523332/(T/K) 112.66~Fig. 4!
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15711571PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 12. Reported and selected physical–chemical properties for PCB-138—Continued

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

210 11.85 Generator column-GC 15 Reported as a linear regression equation
0 11.21

10 10.62
20 10.07
30 9.55
10 10.30 Generator column~fugacity meter!-GC 8 Reported as a linear regression equation
13 10.14
24 9.57
35 9.04
43 8.68
10 10.72 Generator column-GC 74 Reported as a linear regression equation
20 10.19
30 9.69
40 9.22
50 8.78
0 11.34 Multicolumn GC~retention index! 9 Not used, estimated value

20 10.20

LDV at 25 °C 9.76 Linear regression 15, 8, 74 Log KOA54509/(T/K) 25.37, r 250.96 ~Fig. 5!
FAV at 25 °C 9.66 LogKOA54510/(T/K) 25.47 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 1031
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15721572 LI ET AL.
TABLE 13. Reported and selected physical–chemical properties for PCB-153

Registry No. 35065-27-1
Chlorine substitution 2,4,5,28,48,58-hexachlorobiphenyl Melting point temperature/°C 103
Molar mass/g•mol21 360.88 D fusS/J•K21

•mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 2.54E205 1.48E204 23.83 Shake flask-GC 19 Adjusted to 25 °C
25 3.33E206 1.94E205 24.71 Generator column-GC 24
25 2.69E206 1.56E205 24.81 Slow stirring-GC 50 Adjusted to 25 °C
4 1.28E205 1.42E204 23.85 Generator column-GC 70

25 2.34E205 1.36E204 23.87
40 3.54E205 1.37E204 23.86
25 4.57E206 2.66E205 24.57 Generator column-GC 58 Adjusted to 25 °C
25 2.39E206 1.39E205 24.86 Generator column-GC 51
25 8.23E206 4.79E205 24.32 Generator column-LSC 75 Adjusted to 25 °C
23 2.44E205 1.50E204 23.82 Shake flask-GC 19 Not at 25 °C
23 2.64E206 1.63E205 24.79 Slow stirring-GC 42 Not used, room temperature,

assumed to be 23 °C
24 2.63E206 1.58E205 24.80 Slow stirring-GC 50 Not at 25 °C
25 3.70E205 24.43 Estd., TSA 13 Not used, estimated
20 2.59E205 24.59 Slow stirring-GC 43 Not used, Aroclor mixture

as standard
22 4.30E206 2.73E205 24.56 Generator column-GC 58 Not at 25 °C
25 3.20E206 1.86E205 24.73 HPLC-retention index 27 Not used, estimated value
25 2.45E206 1.65E205 24.78 Calcd., QSPR 28 Not used, estimated value
22 7.76E206 4.93E205 24.31 Generator column-LSC 75 Not at 25 °C

LDV at 25 °C 3.77E205 Log mean 19, 24, 50, 58, 70, 51, 75
FAV at 25 °C 3.07E205 Log SWL521305/(T/K) 20.14

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 6.65 Shake flask-GC 50 Adjusted to 25 °C
25 6.90 Generator column-GC 18
25 6.58 Slow stirring-GC 73
20 6.72 Shake flask-GC 50 Not at 25 °C
25 7.44 Estd., differential substitution constants 30 Not used, estimated value
25 6.68 HPLC-retention time 76 Not used, estimated value
25 6.90 Generator column-GC 31 Not used, same value as in Ref
25 6.90 Generator column-GC 44 Not used, same value as in Ref
25 8.31 Estd., group contribution 31 Not used, estimated value
25 6.75 Estd., TSA 31 Not used, estimated value
25 7.69 HPLC-k8 69 Not used, estimated value
25 6.80 HPLC-retention index 27 Not used, estimated value
25 6.92 Estd., TSA 33 Not used, estimated value
25 7.09 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 6.71 Log mean 50, 18, 73
FAV at 25 °C 6.87
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15731573PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 13. Reported and selected physical–chemical properties for PCB-153—Continued

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

20 2.53E204 23.60 Head space-GC 43
10 5.31E205 24.27 GC-retention time 45 Reported as a linear equation
20 2.15E204 23.67
30 7.93E204 23.10
40 2.69E203 22.57
10 9.69E205 24.01 GC-retention time 6 Reported as a linear equation
20 3.64E204 23.44
30 1.26E203 22.90
40 4.00E203 22.40
25 6.99E204 23.16 GC-retention time 38 Not used, more recent values from

similar methods
25 7.58E204 23.12 GC-retention index 39 Not used, more recent values from

similar methods
25 6.63E204 23.18 GC-retention index 13 Not used, more recent values from

similar methods

LDV at 25 °C 23.28 Linear regression 43, 45, 6 Log PL524923/(T/K) 113.24,r 250.970
~Fig. 3!

FAV at 25 °C 23.22 LogPL524712/(T/K) 112.59~Fig. 3!

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

23 27.00 1.43 Equilibrium conc. ratio-GC 46
20 6.08 0.78 Gas purging-GC 66
25 12.46 1.10 Gas purging-GC 53
20 10.03 1.00 Batch equilibrium-GC 43
25 13.37 1.13 Gas purging-GC 51
4 6.50 0.81 Gas purging-GC 12

11 13.52 1.13
18 27.20 1.43
25 52.80 1.72
31 91.20 1.96
25 17.93 1.25 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 13.37 1.13 Gas purging-GC 54 Not used, same value as Ref. 51
25 2.33 0.37 Dynamic gas-water equilibrium-GC 47 Not used, outlier
25 16.7 1.22 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.40 Linear regression 46, 66, 53, 43, 51, 12Log H522584/(T/K) 110.07,r 250.39
~Fig. 4!

FAV at 25 °C 1.30 LogH523407/(T/K) 112.72~Fig. 4!

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

0 11.17 Generator column-GC 15 Reported as a linear regression equati
10 10.56
20 10.00
30 9.47
10 10.16 Generator column~fugacity meter!-GC 8 Reported as a linear regression equation
13 9.99
24 9.42
35 8.89
0 11.03 Multicolumn GC~retention index! 9 Not used, estimated value

20 9.99

LDV at 25 °C 9.52 Linear regression 15, 8 Log KOA54966/(T/K) 27.14, r 250.923
~Fig. 5!

FAV at 25 °C 9.44 LogKOA54903/(T/K) 27.00 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 675
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TABLE 14. Reported and selected physical–chemical properties for PCB-155

Registry No. 33979-03-2
Chlorine substitution 2,28,4,48,6,68-hexachlorobiphenyl Melting point temperature/°C 113
Molar mass/g•mol21 360.88 D fusS/J•K21

•mol21 45.3 Ref. 59

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 6.18E206 3.09E205 24.51 Generator column-GC 51
22 7.87E206 4.22E205 24.37 Generator column-GC 58
25 9.12E206 4.55E205 24.34 Generator column-GC 22
25 7.87E206 3.93E205 24.41 Slow stirring-GC 26
25 9.12E206 4.55E205 24.34 Generator column-GC 77
5 2.77E206 2.30E205 24.64 Equilibrium gas stripping 23

15 4.71E206 3.00E205 24.52
25 7.76E206 3.87E205 24.41
35 1.19E205 4.73E205 24.32
45 1.77E205 5.68E205 24.25
25 2.49E206 1.25E205 24.90 Generator column-GC 24 Not used, outlier
25 1.13E206 5.64E206 25.25 Generator column-GC 59 Not used, outlier
25 2.81E205 24.55 Estd., TSA 13 Not used, estimated value
25 7.59E206 3.79E205 24.42 HPLC-retention index 27 Not used, estimated value
25 6.30E206 3.14E205 24.50 Calcd., QSPR 28 Not used, estimated value
25 9.12E206 4.59E205 24.34 Generator column-GC 29 Not used, same value as Ref. 22

LDV at 25 °C 3.93E205 Linear regression 51, 58, 22, 26,
77, 23

Log SWL52861/(T/K) 21.52, r 250.80
~Fig. 2!

FAV at 25 °C 3.82E205 Log SWL521268/(T/K) 20.16 ~Fig. 2!

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 7.55 Generator column-GC 59
25 7.29 Slow stirring-GC~HPLC! 60
25 7.24 Generator column-GC 29
25 6.39 HPLC-k8 78 Not used, estimated value
25 7.12 Estd., differential substitution constants 30 Not used, estimated value
25 6.39 HPLC-tR8 76 Not used, estimated value
25 8.31 Estd., HPLC-MS 76 Not used, estimated value
25 6.54 HPLC-retention index 27 Not used, estimated value
25 6.41 Estd., TSA 33 Not used, estimated value
25 7.20 Estd., LSER 61 Not used, estimated value
25 7.24 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 7.36 Log mean 59, 60, 29
FAV at 25 °C 7.19

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

210 1.63E206 2.09E205 24.68 Gas saturation-GC 37
0 1.19E205 1.13E204 23.95

10 8.04E205 5.83E204 23.23
20 3.25E204 1.83E203 22.74
30 7.79E204 3.46E203 22.46
10 6.65E204 23.18 GC-retention time 6 Reported as a linear equation
20 2.20E203 22.66
30 6.69E203 22.17
40 1.90E202 21.72
25 1.60E203 22.80 GC-retention time 65 Not used, more recent values

from similar methods
25 4.43E203 22.35 GC-retention index 13 Not used, more recent values

from similar methods

LDV at 25 °C 22.48 Linear regression 37, 6 Log PL524697/(T/K) 113.27,r 250.98
~Fig. 3!

FAV at 25 °C 22.46 LogPL524562/(T/K) 112.85~Fig. 3!
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15751575PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 14. Reported and selected physical–chemical properties for PCB-155—Continued

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 76.50 1.88 Gas purging-GC 51
25 157.05 2.20 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 11.65 1.07 Gas purging-GC 53 Not used, more recent values using same appr
25 76.50 1.88 Gas purging-GC 54 Not used, same value as in Ref. 51
25 85.25 1.93 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 1.88 Log mean 51
FAV at 25 °C 1.96 LogH523294/(T/K) 113.01

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

0 10.19 Multicolumn GC~retention index! 9 Estimated value
20 9.13

210 10.48 Generator column-GC 14 Not used, highly inconsistent with other propert
0 10.02

10 9.59
20 9.18

LDV at 25 °C 8.89 Extrapolation 9 Log KOA vs 1/(T/K) for values from Refs. 14 and 9
~Fig. 5!

FAV at 25 °C 9.14 LogKOA54357/(T/K) 25.47 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 1948
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15761576 LI ET AL.
TABLE 15. Reported and selected physical–chemical properties for PCB-180

Registry No. 35065-29-3
Chlorine substitution 2,3,4,5,28,48,58-heptachlorobiphenyl Melting point temperature/°C 112
Molar mass/g•mol21 395.32 D fusS/J•K21

•mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 1.66E205 24.78 Estd., TSA 13
25 1.08E205 24.97 Slow stirring-GC 43 Adjusted to 25 °C
25 7.94E207 5.67E206 25.25 HPLC-retention index 27
25 5.70E207 4.07E206 25.39 Calcd., QSPR 28
20 9.74E206 25.01 Slow stirring-GC 43 Not at 25 °C

LDV at 25 °C 8.01E206 Log mean 13, 43, 27, 28 No directly measured values at 25
FAV at 25 °C 1.32E205 Log SWL521356/(T/K) 20.33

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 7.21 HPLC-retention index 27
25 7.36 Estd., TSA 33

LDV at 25 °C 7.29 Log mean 27, 33 No directly measured values
FAV at 25 °C 7.16

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

0 3.73E206 25.43 GC-retention time 6 Reported as a regression equation
10 1.67E205 24.78
20 6.77E205 24.17
30 2.50E204 23.60
25 1.29E204 23.89 GC-retention time 38 Not used, more recent values

from similar methods
25 1.32E204 23.88 GC-retention index 39 Not used, more recent values

from similar methods
25 5.06E204 23.30 GC-retention index 13 Not used, more recent values

from similar methods
20 3.14E205 24.50 Head space-GC 43 Not used, Aroclor mixture as stand

LDV at 25 °C 23.88 Directly taken 6
FAV at 25 °C 23.97 LogPL524809/(T/K) 112.16

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 53.0 0.72 Equilibrium conc. ratio-GC 43
25 1.01 0.01 Dynamic gas–water equilibrium-GC 47 Adjusted to 25 °C
4 0.43 20.37 Gas purging-GC 12

11 2.03 0.31
18 8.96 0.95
25 37.00 1.57
31 118.50 2.07
25 30.40 1.48 Calcd. from estimatedPL andSL 13 Not used, estimated value
20 3.24 0.51 Equilibrium conc. ratio-GC 43 Not at 25 °C
25 10.88 1.04 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 0.77 Log mean 43, 47, 12
FAV at 25 °C 0.93 LogH523453/(T/K) 112.49
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15771577PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 15. Reported and selected physical–chemical properties for PCB-180—Continued

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

0 11.90 Generator column-GC 15 Reported as a linear regression equation
10 11.32
20 10.77
30 10.26
10 10.57 Generator column~fugacity meter!-GC 8 Reported as a linear regression equation
13 10.42
24 9.92
35 9.44
0 11.94 Multi-column GC~retention index! 9 Not used, estimated value

20 10.72

LDV at 25 °C 10.12 Linear regression 15, 8 Log KOA54975/(T/K) 26.55, r 250.79 ~Fig. 5!
FAV at 25 °C 10.16 LogKOA54845/(T/K) 26.09 ~Fig. 5!

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 633
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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TABLE 16. Reported and selected physical–chemical properties for PCB-194

Registry No. 35694-08-7
Chlorine substitution 2,3,4,5,28,38,48,58-octachlorobiphenyl Melting point temperature/°C 157
Molar mass/g•mol21 429.77 D fusS/J•K21

•mol21 56 Default value

Aqueous Solubility in mol•m23

T/°C SWS SWL Log SWL Method Reference Note

25 5.44E208 1.07E206 25.97 Shake flask-GC 19 Adjusted to 25 °C
25 6.33E207 1.25E205 24.90 Generator column-GC 24
25 2.60E206 5.12E205 24.29 Generator column-GC 58 Adjusted to 25 °C
23 4.90E208 1.03E206 25.99 Shake flask-GC 19 Not at 25 °C
22 2.21E206 4.82E205 24.32 Generator column-GC 58 Not at 25 °C
25 8.13E206 25.09 Estd., TSA 13 Not used, estimated value
25 2.00E207 3.94E206 25.40 HPLC-retention index 27 Not used, estimated value
25 4.90E208 9.66E207 26.01 Calcd., QSPR 28 Not used, estimated value

LDV at 25 °C 8.82E206 Log mean 19, 24, 58
FAV at 25 °C 5.59E206 Log SWL521533/(T/K) 20.11

Octanol–Water Partition Coefficient
T/°C Log KOW Method Reference Note

25 7.67 Generator column-GC 33
25 8.68 Estd., differential substitution constants 30 Not used, estimated value
25 7.62 HPLC-retention index 27 Not used, estimated value
25 7.80 Estd., TSA 33 Not used, estimated value
25 8.07 Estd., characteristic root index 34 Not used, estimated value

LDV at 25 °C 7.67 Directly taken 33
FAV at 25 °C 7.76

Vapor Pressure in Pa
T/°C PS PL Log PL Method Reference Note

0 4.50E207 26.35 GC-retention time 6 Reported as a linear equation
10 2.25E206 25.65
20 1.01E205 25.00
30 4.08E205 24.39
25 1.93E205 24.72 GC-retention index 39 Not used, more recent values

from similar methods
25 3.86E204 23.41 GC-retention index 13 Not used, more recent values

from similar methods

LDV at 25 °C 24.69 Directly taken 6
FAV at 25 °C 24.61 LogPL525099/(T/K) 112.49

Henry’s Law Constant in Pa•m3
•mol21

T/°C H Log H Method Reference Note

25 6.79 0.83 Calcd., QSPR 28
25 47.52 1.68 Calcd. from estimatedPL andSL 13 Not used, estimated value
25 1.01 0.0057 Dynamic gas–water equilibrium 47 Not used, highly inconsistent with other prop

LDV at 25 °C 0.83 Directly taken 28
FAV at 25 °C 0.64 LogH523566/(T/K) 112.60

Octanol–Air Partition Coefficient
T/°C Log KOA Method Reference Note

0 12.83 Multicolumn GC~retention index! 9
20 11.59

LDV at 25 °C 11.31 Extrapolation 9
FAV at 25 °C 11.13 LogKOA54906/(T/K) 25.33

Octanol Solubility in mol•m23

SOL Method Reference Note

FAV at 25 °C 1331
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15791579PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
TABLE 17. Literature-derived values and assigned uncertainty estimates for the physical–chemical properties at 25 °C

Compound

SWL /mol•m23 KOW PL /Pa H/Pa•m3
•mol21 KOA SOL /mol•m23

LDV uW LDV uOW LDV uA LDV uAW LDV uOA LDV uO

PCB-3 1.71E202 1 3.09E104 1 4.80E201 1 36.0 5 6.58E106 1 1350.2 1
PCB-8 7.36E203 2 1.23E105 1 1.23E201 3 26.2 2 2.53E107 2
PCB-15 5.00E203 2 2.53E105 1 5.04E202 1 14.2 2 4.50E107 2 1721.3 1
PCB-28 1.01E203 2 3.58E105 3 2.36E202 2 33.1 1 8.58E107 2
PCB-29 1.86E203 2 5.50E105 2 4.47E202 2 32.6 3 6.28E107 5 691.7 5
PCB-31 8.53E204 3 6.17E105 3 2.38E202 2 36.8 4 8.58E107 2
PCB-52 6.82E204 4 1.05E106 4 1.06E202 2 28.2 1 1.65E108 2 735.3 3
PCB-61 3.63E204 2 1.49E106 4 7.21E203 2 20.6 5 4.38E108 5 862.2 3
PCB-101 1.05E204 3 1.42E106 4 2.41E203 2 31.4 4 7.90E108 1
PCB-105 1.11E204 5 4.07E106 2 8.74E204 2 33.6 5 1.02E110 4
PCB-118 8.88E205 5 3.09E106 2 8.93E204 2 32.0 5 6.61E109 4
PCB-138 2.08E205 5 9.98E106 5 5.39E204 2 39.5 4 5.72E109 2
PCB-153 3.77E205 3 5.11E106 5 5.29E204 2 25.0 3 3.28E109 2
PCB-155 3.93E205 1 2.29E107 4 3.31E203 2 76.5 4 7.71E108 5
PCB-180 8.01E206 5 1.93E107 5 1.32E204 2 5.84 4 1.37E110 1
PCB-194 8.82E206 5 4.68E107 3 2.05E205 2 6.79 5 2.02E111 5

TABLE 18. Internally consistent physical–chemical properties at 25 °C after adjustment.a The required percentage of adjustment to achieve consistency is
given.b

Compound

SWL /mol•m23 KOW PL /Pa H/Pa•m3
•mol21 KOA SOL /mol•m23

FAV Adj. FAV Adj. FAV Adj. FAV Adj. FAV Adj. FAV Adj.

PCB-3 2.02E202 18% 4.42E104 43% 4.77E201 21% 23.6 234% 5.98E106 29% 1.2E103 215%
PCB-8 6.49E203 212% 1.31E105 7% 1.48E201 21% 22.8 213% 2.18E107 214% 1.3E103
PCB-15 4.29E203 214% 2.27E105 210% 5.73E202 14% 13.4 26% 7.07E107 57% 1.6E103 25%
PCB-28 8.85E204 213% 4.61E105 29% 2.70E202 15% 30.5 28% 7.05E107 218% 7.7E102
PCB-29 1.51E203 219% 4.01E105 227% 4.56E202 2% 30.2 28% 6.06E107 24% 1.1E103 61%
PCB-31 7.54E204 212% 6.08E105 21% 2.58E202 9% 34.2 27% 8.67E107 1% 9.0E102
PCB-52 4.78E204 230% 8.10E105 218% 1.20E202 13% 25.1 211% 1.65E108 0% 8.0E102 9%
PCB-61 3.46E204 25% 1.28E106 214% 6.93E203 24% 20.0 23% 3.52E108 220% 9.8E102 14%
PCB-101 1.02E204 23% 2.16E106 52% 2.46E203 2% 24.1 223% 5.38E108 211% 5.3E102
PCB-105 7.45E205 233% 6.54E106 61% 1.03E203 17% 13.8 259% 3.40E109 267% 1.4E103
PCB-118 6.83E205 223% 4.87E106 58% 9.91E204 11% 14.5 255% 2.30E109 265% 9.2E102
PCB-138 1.87E205 210% 1.64E107 64% 5.63E204 4% 30.1 224% 4.54E109 221% 1.0E103
PCB-153 3.07E205 219% 7.44E106 46% 6.06E204 15% 19.8 221% 2.76E109 216% 6.7E102
PCB-155 3.82E205 23% 1.53E107 233% 3.49E203 6% 91.4 19% 1.38E109 79% 1.9E103
PCB-180 1.32E205 65% 1.45E107 225% 1.08E204 218% 8.13 39% 1.46E110 7% 6.3E102
PCB-194 5.59E206 237% 5.78E107 24% 2.46E205 20% 4.40 235% 1.34E111 234% 1.3E103

aMethod for adjustment: iterative~see text!.
bIf no percentage of adjustment is given, no LDV existed and the value was calculated from the other properties.
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TABLE 19. Literature-derived values and assigned uncertainty estimates for the internal energies of phase transfer in kJ•mol21

Compound DUW uW DUOW uOW DUA uA DUAW uAW DUOA uOA DUO uO

PCB-3 12.1 W1 3 220 OW1 5 69.1 A1 1 44.9 AW1 4 266.4 OA1 2
PCB-8 14.8 W2 5 221 OW1 5 70.6 A2 2 47.4 AW1 4 273.1 OA2 2
PCB-15 15.5 W3 5 221 OW1 5 72.8 A3 2 47.4 AW1 4 275.9 OA3 5 210.2 O1 5
PCB-28 14.8 W2 5 222 OW1 5 77.1 A2 2 50.0 AW2 2 280.2 OA2 2
PCB-29 15.8 W4 3 222 OW1 5 74.2 A4 2 49.9 AW1 4 284.3 OA3 5
PCB-31 14.8 W2 5 222 OW1 5 77.0 A2 2 48.6 AW1 4 280.2 OA2 2
PCB-52 14.8 W2 5 223 OW1 5 77.7 A5 2 52.0 AW2 2 283.1 OA2 2
PCB-61 16.1 W5 3 224 OW1 5 80.4 A6 2 52.3 AW1 4 296.6 OA3 5
PCB-101 13.1 W6 3 224 OW1 5 86.2 A5 2 54.4 AW1 4 283.5 OA4 1
PCB-105 14.8 W2 5 224 OW1 5 88.6 A4 2 54.4 AW1 4 289.6 OA1 1
PCB-118 14.8 W2 5 224 OW1 5 90.4 A2 2 54.4 AW1 4 289.9 OA1 1
PCB-138 14.8 W2 5 225 OW1 5 93.9 A2 2 56.2 AW1 4 286.3 OA5 1
PCB-153 14.8 W2 5 225 OW1 5 91.8 A2 2 56.2 AW1 4 295.1 OA4 1
PCB-155 16.5 W7 3 225 OW1 5 87.5 A6 1 56.3 AW1 4 281.3 OA3 5
PCB-180 14.8 W2 5 226 OW1 5 94.1 A4 2 57.9 AW1 4 295.3 OA4 4
PCB-194 14.8 W2 5 227 OW1 5 101.0 A4 2 59.5 AW1 4 295.1 OA3 5

W1: regression of logSWL vs 1/T using data from Refs. 19, 20, 21, 22,
and 23.

A1: regression of logPL vs 1/T using data from Refs. 6, 35, 36, and 37.

W2: average of experimentally derivedDUW for PCBs 3, 15, 29, 61, 101,
and 155.

A2: regression of logPL vs 1/T using data of Refs. 6, 43, and 45.

W3: regression of logSWL vs 1/T using data from Refs. 19, 21, 23, 24,
and 50.

A3: regression of logPL vs 1/T using data from Refs. 6, 37, 45, and 52.

W4: regression of logSWL vs 1/T using data from Refs. 21, 23, 24, and
59.

A4: Ref. 6.

W5: regression of logSWL vs 1/T using data from Refs. 22, 23, 24, 51,
and 59.

A5: regression of logPL vs 1/T using data from Refs. 6, 43, 45, and 64.

W6: Ref. 67.

A6: regression of logPL vs 1/T using data from Refs. 6 and 37.

W7: regression of logSWL vs 1/T using data from Refs. 22, 23, 26, 51, 58,
and 77.

AW1: from Ref. 13, calibrated with a factor of 0.846, a ratio ofDUAW from
Ref. 79 to those from Ref. 11 for PCB-28 and PCB-52.

OW1: an empirical value derived from Ref. 10.

AW2: Ref. 11.
OA1: Ref. 11.
OA2: Ref. 8.
OA3: derived from data given in Ref. 9.
OA4: regression of logKOA vs 1/T using data from Refs. 15 and 8.
OA5: regression of logKOA vs 1/T using data from Refs. 15, 8, and 74.

TABLE 20. Internal energies of phase transfer after adjustment.a The required percentage of adjustment to achieve consistency is also given.b

Compound

DUW /kJ•mol21 DUOW /kJ•mol21 DUA /kJ•mol21 DUAW /kJ•mol21 DUOA /kJ•mol21 DUO /kJ•mol21

FAV Adj. FAV Adj. FAV Adj. FAV Adj. FAV Adj. FAV Adj.

PCB-3 18.4 53% 218.5 27% 67.0 23% 48.5 8% 267.0 1% 20.1
PCB-8 19.1 29% 222.7 8% 68.9 22% 49.8 5% 272.5 21% 23.6
PCB-15 17.4 13% 224.6 17% 70.8 23% 53.4 13% 278.1 3% 27.3 229%
PCB-28 22.0 48% 226.3 19% 74.2 24% 52.3 5% 278.5 22% 24.3
PCB-29 18.7 19% 226.4 20% 72.3 23% 53.6 7% 279.9 25% 27.7
PCB-31 21.5 45% 225.9 18% 74.3 23% 52.8 9% 278.7 22% 24.4
PCB-52 21.1 42% 227.3 19% 75.2 23% 54.1 4% 281.4 22% 26.2
PCB-61 20.0 24% 231.4 31% 77.8 23% 57.8 11% 289.2 28% 211.4
PCB-101 21.2 61% 223.8 21% 80.8 26% 59.7 10% 283.5 0% 22.7
PCB-105 24.6 66% 228.6 19% 84.7 24% 60.1 11% 288.7 21% 24.0
PCB-118 25.6 73% 228.5 19% 86.1 25% 60.5 11% 289.0 21% 22.8
PCB-138 27.5 86% 225.0 0% 88.8 25% 61.3 9% 286.3 0% 2.5
PCB-153 25.0 69% 231.1 25% 87.7 24% 62.8 12% 293.9 21% 26.2
PCB-155 24.3 47% 222.8 29% 84.9 23% 60.6 8% 283.4 3% 1.5
PCB-180 26.0 75% 229.1 12% 89.6 25% 63.6 10% 292.8 23% 23.2
PCB-194 29.4 98% 228.1 4% 95.2 26% 65.8 11% 293.9 21% 1.2

aMethod for adjustment: iterative~see text!.
bIf no percentage of adjustment is given, no LDV existed and the value was calculated from the other properties.
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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FIG. 2. Relationships between the logarithm of the liquid solubility of 5 PCBs in water and reciprocal absolute temperature.
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hand,SW and KAW are usually determined with pure wate
and SOS and KOA with pure octanol. If the presence of th
other solvent notably affects the solubility of the solutes
water or octanol, the adjustment procedure needs to take
into account by deriving a corrective regression that rela
the experimentally determinedKOW values with the ratio of
the solubilities in pure octanolSO and pure waterSW .
Whereas Beyeret al.4 presented such a regression, we d
rived one here that is specific for the PCBs and based on
LDVs derived in step 4.

In addition to the five LDVs for directly measured sol
bilities in octanol, we derivedSOL for all 16 congeners using

SOL5KOA•PL /~R•T! ~2!

and the LDVs forKOA and PL . We then combined thes
with the LDVs for solubility in waterSWL to calculate the
ratio of the solubilities in pure octanol and pure water. T
logarithm of that ratio was then plotted~Fig. 1! and regressed
against the LDVs for the logKOW

log~SOL /SWL!5~1.1660.08!• logKOW2~0.6460.50!,

n521,r 250.914. ~3!

The relationship is very similar to that found by Beyeret al.4

and indicates that the mutual solubility effect increases w
his
s

-
he

e

h

hydrophobicity, to result in deviation betweenKOW and
SOL /SWL by 1/2 an order of magnitude for the most hydr
phobic PCB congeners.

Several steps in this procedure relied to some extent
our subjective judgement rather than a prescribed set of
merical rules or a statistical test. From the experience gai
during this study, we have come to the conclusion tha
completely standardized approach to data selection is lik
neither feasible nor desirable. During data selection pro
dures, situations will inevitably occur that are much bet
resolved through the subjective expert judgement of
compiler than by an inflexible set of rules and numeric
procedures. Unfortunately, this implies that different peo
would derive different sets of FAVs using the same pro
dure and the same experimental data, i.e., the method is
entirely reproducible in the scientific sense. The variabil
between FAV data sets derived by different experts will ho
ever be within the measurement uncertainty of the origi
data.

In any case, our knowledge of physical–chemical prop
ties is cumulative. LDV selection, uncertainty assignme
and consistency adjustment to FAVs~steps iv, v, and vi! thus
need to be seen as an iterative process that would need
continuously updated as new measurements are made
become available. One could even argue that the proce
could highlight urgent data gaps, where new and more r
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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FIG. 3. Relationships between the logarithm of the liquid vapor pressure of 12 PCBs and reciprocal absolute temperature.
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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FIG. 4. Relationships between the logarithm of the He
ry’s law constant of 7 PCBs and reciprocal absolu
temperature.
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able measurements would be most valuable in constrai
the physical–chemical property data set for a particular co
pound.

3. Results

Tables 1–16 present the water solubilitySW , octanol–
water partition coefficient logKOW, vapor pressureP, Hen-
ry’s law constantH, octanol–air partition coefficientKOA ,
and octanol solubilitySO, in that sequence for each of the 1
PCB congeners. At the top of each subtable are the data
were included in the derivation of the LDVs, including th
experimental temperature, the method used, and the r
ence. For comparison and completeness, the data that
not included in the derivation of the LDVs are listed in th
bottom part of the subtables, together with the reason
g
-

at

er-
ere

r

exclusion. In these tables, the following acronyms we
used: total surface area~TSA!, liquid scintillation counter
~LSC!, linear solvation energy relationship~LSER! and gas
chromatography~GC!.

For PL and KOA , some investigators simply report th
experimental data as a linear equation.6,8 In such cases, dis
crete values were calculated for four or five temperatur
which were either the experimental temperatures indicate
the reference or temperatures in the environmentally relev
range. A similar approach was taken with the Henry’s la
constants reported by Bamfordet al.,12 which are the results
of a regression analysis and not the actual measured va
Although this approach appears appropriate when the ac
experimental temperatures are known,8,12 it should be noted
that it will underestimate the true uncertainty of the me
sured data and the correlation coefficients for regressions
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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FIG. 5. Relationships between the logarithm of the octanol-air partition coefficient of 15 PCBs and reciprocal absolute temperature.
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FIG. 6. Relationships between the logarithm of the liquid solubility

octanol of PCB-15 and reciprocal absolute temperature.
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
cluding such data points will be artificially high. The ap
proach is even more arbitrary for data sets where
temperature dependence was derived indirectly6 and not
from a series of measurements at discrete temperatures i
relevant temperature range. Although deficient, this appro
is all that appears possible and is clearly preferable to a
aging DUA from different studies or the slopes of differe
linear regression equations, because the slopes are not
pendent of the respective intercepts.

The LDVs and the FAVs at 25 °C for each property a
also included in Tables 1–16. A summary of the LDVs
25 °C is presented in Table 17 along with the uncertai
estimatesuX assigned to each property. The correspond
FAVs and percentage adjustment are listed in Table 18.
internal energies of phase transferDU, their origin, and un-
certainty estimate are presented in Table 19, whereas
FAVs for theDU and the required percentage of adjustme
are presented in Table 20.
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15851585PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
If a sufficient number of measurements at different te
peratures had been made, plots of the logarithm of the p
erty versus the reciprocal absolute temperature were
structed. These plots include the linear curves represen
the LDVs and FAVs. Figure 2 shows such plots for the wa
solubility of five PCB congeners and Fig. 3 for the vap
pressure of 12 congeners. Plots for the Henry’s law cons
of seven PCBs, and theKOA for 15 congeners are shown i
Figs. 4 and 5, respectively. Only for PCB-15 were there
perimental measurements of the solubility in octanol at s
eral temperatures~Fig. 6!.

By using the following equations together with the FAV
in Tables 19 and 20, values of the properties at a partic
temperature can be obtained:

log PL~T!5 log PL~25 °C!

2~DUA1R•298.15 K!/~ ln~10!•R!•~1/T

21/298.15 K!, ~4!

logH~T!5 logH~25 °C!

2~DUAW1R•298.15 K!/~ ln~10!•R!•~1/T

21/298.15 K!, ~5!

logSWL~T!5 logSWL~25 °C!2DUW /~ ln~10!•R!•~1/T

21/298.15 K!, ~6!

logSOL~T!5 logSOL~25 °C!2DUO/~ ln~10!•R!•~1/T

21/298.15 K!, ~7!

logKAW~T!5 logKAW~25 °C!2DUAW /~ ln~10!•R!•~1/T

21/298.15 K!, ~8!

logKOW~T!5 logKOW~25 °C!2DUOW/~ ln~10!•R!•~1/T

21/298.15 K!, ~9!

logKOA~T!5 logKOA~25 °C!2DUOA /~ ln~10!•R!•~1/T

21/298.15 K!. ~10!

Alternatively, the FAV equations given in the last row
each subtable in Tables 1–16 can be used.

4. Discussion

4.1. Need for Adjustment

The literature-derived values were reasonably consist
The maximum applied adjustment to the LDVs of the valu
at 25 °C was 80%. In general however, much smaller adj
ments on the order of 20% were sufficient to bring the five
six LDVs for one congener into agreement. The variability
the entries for a property in Tables 1–16 gives an appro
mate indication of the uncertainty of the measured valu
which is likely considerably higher than the measurem
precision reported for individual data points or techniques
some studies~e.g., Ref. 8!. The required adjustments are no
mally well within this measurement uncertainty for the
-
p-
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r
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-
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t.
s
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s,
t
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properties and indicate that the procedures applied in
selection of the LDVs already eliminated some of the expe
mental error. The smallest adjustments were necessary
the tri-and tetrachlorinated congeners, the largest for
penta- and hexachlorinated congeners. One might have
pected the need for larger adjustments for properties of
heaviest congeners, which are the most difficult to meas
but the LDVs of PCBs 180 and 194 were surprisingly co
sistent. Whereas upward and downward adjustments w
necessary forKOW and KOA , the SWL and H generally
needed to be decreased to achieve consistency.

The adjustment applied to theDU values never exceede
100% and was on average less than 20%. Only the temp
ture dependence of the water solubilities had to be adju
by more than 50% for half of the congeners. This howev
amounts to less than 15 kJ•mol21 and is thus still within the
likely uncertainty range of these parameters, which have
been measured very frequently. The adjustments were
ally in one direction.DUW was always increased, wherea
DUA and DUOA had to be decreased slightly, typically b
less than 4 kJ•mol21, to be in accordance with each othe
The FAVs for DUAW were higher than the LDVs by abou
5 kJ•mol21, and thus are very close to the set of theore
cally derived values presented by Burkhardet al.13 Although
assigned a very high uncertainty,uOW, the values forDUOW

only had to be adjusted downward by about 3 kJ•mol21.

4.2. Potential Sources of Error in the Adjustment
Procedure

There is the possibility that a perfectly good value for
property is adjusted on the basis of measured values for
other property that may be flawed. The likelihood of th
occurring is minimized through the use of the uncertain
estimates, which prevents the most certain values from be
adjusted too much. Whether an inappropriate adjustment
curred can be checked by visually judging to what extent
FAV lines in Figs. 2–6 are reasonable representations of
reported measured values, and whether the FAV values a
bottom of Tables 1–16 fall within the range of reported v
ues. Although deviations between FAVs and measured va
are obvious in cases when only a limited number of meas
ments for a particular property had been reported, the FA
are usually well within the range of reported values and a
thus, in agreement with the empirical evidence.

Although the procedure in step vi generally leads to
reduction in the error of the individual property values,
should be noted that there is also the possibility that erro
introduced during the property adjustment. This can occu
a result of the solid/liquid conversion@Eq. ~1!# and the
logSOL /SWL versus logKOW correction@Eq. ~3!#.

At environmentally relevant temperatures, most PCB c
geners are solids, and only the vapor pressure and the s
bility in water and octanol of the solid substances is expe
mentally accessible. The conversion to liquid propert
depends on the knowledge of the entropy or enthalpy
fusion, which has not been determined for a large numbe
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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FIG. 7. Relationship between the logarithm of the final adjusted values of six physical–chemical properties at 25 °C and the molar mass for 16 PCB.
The number of chlorines in ortho position is given in brackets.
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PCB congeners, including many of those included in t
study. Uncertain entropies of fusion or the use of a defa
value for substances with a high melting point can lead
very significant errors in the calculated liquid proper
~Since solid solubilities and vapor pressure are adjusted
the same extent/factor, this generally does not affect the c
sistency adjustment between groups of three properties
as P/SW /KAW or P/SO/KOA , but it is a potential source o
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
s
lt
o
.
y
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ch

error when all six physical–chemical properties are adjus
to conform to thermodynamic constraints.!

The other issue is the correction for the mutual solubil
of octanol and water. The scatter apparent in Fig. 1 and
large standard errors of the linear regression coefficient
the corrective Eq.~3! suggest that this effect is poorly quan
tified. There is even a possibility that it is an artifact caus
by the fact that property measurements are much more d
lar
TABLE 21. Quantitative structure–property relationships between the final adjusted values~FAVs! of five physical–chemical properties at 25 °C and the mo
massMm and the number of chlorine substitutions inortho positionnortho-Cl . In each case the number of data points was 16

Parameter Regression equation r 2 r adj
2

log(PL /Pa) 2(0.01660.001) •Mm 1(2.860.3) 0.947 0.943
2(0.020660.0005) •Mm1(0.3860.03)•northo-Cl 1(3.460.1) 0.995 0.994

log KOA (0.01660.001) •Mm 1(3.760.3) 0.943 0.939
(0.019960.0009) •Mm2(0.3460.06)•northo-Cl 1(3.160.2) 0.984 0.981

log(SWL /mol•m23) 2(0.015260.0006) •Mm 1(1.060.2) 0.976
log KOW (0.012760.0006) •Mm 1(2.460.2) 0.965
log(H/Pa•m3

•mol21) 2(0.001560.0010) •Mm 1(1.860.3) 0.13 0.06
2(0.005160.0008) •Mm1(0.3560.06)•northo-Cl 1(2.460.2) 0.77 0.74

DUA /kJ•mol21 (0.12260.007) •Mm 1(42.662.2) 0.955 0.952
(0.13960.008) •Mm2(1.660.6)•northo-Cl 1(39.862.1) 0.972 0.967

DUOA /kJ•mol21 2(0.1060.01) •Mm 2(52.764.4) 0.788 0.773
2(0.1360.02) •Mm1(2.961.2)•northo-Cl 2(47.864.3) 0.851 0.829

DUW /kJ•mol21 (0.04760.006) •Mm 1(8.261.8) 0.822
DUAW /kJ•mol21 (0.07560.005) •Mm 1(34.461.6) 0.939 0.935

(0.08560.007) •Mm2(1.060.5)•northo-Cl 1(32.761.6) 0.955 0.949
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15871587PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
cult and subject to much greater error with decreasing v
tility and water solubility.

In some cases these two issues may result in inapprop
or unnecessary adjustments, i.e., properties are being
justed to correct for an apparent inconsistency even tho
that inconsistency is a result of uncertain solid/liquid conv
sions or uncertainty concerning the effect of mutual solu
ity. A FAV that is different from the bulk of the reporte
measurements and, thus, contrary to the weight of empir
evidence may indicate a situation where these two iss
conspired to introduce error in the adjusted values. This m

FIG. 8. Relationship between the logarithm of the octanol–air partit
coefficient and the molar mass for 16 PCB congeners before and
adjustment.
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for example, be the case for the aqueous solubility value
PCB-3~Fig. 2!. This is, however, rare and in most cases t
FAV is well within the range of measured values~see, e.g.,
Fig. 3!.

4.3. Judging Data Quality from a Comparison
with FAVs

Data from particular studies that consistently and syste
atically deviate from the FAVs may suggest bias or error
these data. For example, the Henry’s law constants repo
by Bamford et al.12 are consistently higher than the FAV
~Fig. 4!. For the smaller PCB congeners the difference
small, but the discrepancy tends to increase with the deg
of chlorination, consistent with increasing experimental d
ficulty in measuringH for sparingly soluble substance
Similarly, the temperature dependence of theKOA values re-
ported by Harner and Mackay14 tends to be low when com
pared to the FAVs forDUOA . These were the very first direc
measurements ofKOA values for PCBs and, thus, may hav
been subject to higher uncertainty than the values repo
later.

Applying similar reasoning, the analysis may also sugg
the absence of significant bias in studies which report d
that are close to the FAVs. TheKOA values by Ko¨mp and
McLachlan,8 for example, tend to be very close to the FAV
~Fig. 5!, suggesting that they tend to be consistent with
bulk of the available property data for the PCBs. Data fro
such studies should be given preference, when property

ter
FIG. 9. Relationship between six internal energies of phase transfer and the molar mass for 16 PCB congeners.
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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15881588 LI ET AL.
ues for PCB congeners other than those included in
study are to be selected.

4.4. Structure–Property Relationships

When trying to develop QSPRs for the physical–chemi
properties of PCBs, two options have been pursued in
past. The first option is to use unadjusted data from a var
of sources as, e.g., compiled in various databases
handbooks.5 Such data sets are subject to significant exp
mental scatter and lead to QSPR relationships that may ‘
plain’’ mostly experimental uncertainty rather than varianc
in properties that are truly caused by differences in molec
structure. Such relationships may still show highr 2, but may
require more structural parameters than necessary. The
common option is to work with a set of data from one e
perimental study, which essentially amounts to an interpo
tion. Due to the high consistency of such data sets, the
gree of explanation expressed byr 2 is usually high.
However, the predictions from such QSPRs will be subjec
the same bias that the experimental data may possess
consistency with data from other studies or with oth
physical–chemical property is usually not assured. For
ample, Zhanget al.9 interpolated theKOA values for PCBs
reported by Harner and co-workers14,15 using gas chromato
graphic retention times on a variety of stationary phas
Although the predictive relationships show very highr 2 val-
ues, the predicted values are not in agreement with the
perimentalKOA values reported by Ko¨mp and McLachlan.8

The set of FAVs for 16 PCB congeners that was derived
this study should be a good starting point for the devel
ment of QSPRs, because it takes into account all empir
evidence, yet is also highly consistent. In fact, we belie
that a simple QSPR analysis can aid in the assessment o
extent of consistency and experimental error in a data
Specifically, due to the strong structural similarity betwe
the various PCB congeners, we would expect that:

~i! Properties of PCB congeners change in a consis
manner with molecular size. For example, we wou
expect water solubility and vapor pressure to decre
steadily with increasing degree of chlorination. Sim
lar smooth relationships are expected for the energ
of phase transfer.

~ii ! Differences in the physical–chemical properties b
tween congeners of one homologue group may oc
but must have a rational explanation based on
structure of the congeners. It is, for example, w
established that the planarity of the PCB congener
determined by the number of chlorines in theortho
position to the C–C bridge connecting the two ar
matic rings, has a strong impact on the volatility
PCBs,6 and rational arguments can be made how t
structural characteristic relates to the interaction
tween PCB molecules and thus vapor pressure.

To evaluate the extent to which the final data set adhe
to these expectations, we plotted the logarithm of the pr
J. Phys. Chem. Ref. Data, Vol. 32, No. 4, 2003
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erties against the molar mass of the PCB congeners in Fi
Linear relationships were observed forPL , SWL , logKOA ,
and logKOW ~Table 21!. ThePL andKOA of the investigated
congeners range over 4 orders of magnitude,SWL over 3.5,
andKOW over 3 orders magnitude. Because the effect of s
on water solubility appears to be somewhat smaller than
effect on volatility, there is a slightly decreasing trend ofH
with increasing molar mass, although the overall range
small ~1.5 orders of magnitude! and the scatter large. Th
solubility in octanol has a range of only 1/2 an order
magnitude, i.e., is very similar for the various congeners

The extent of scatter in the plots for logPL , logSWL ,
logKOW, and logKOA decreases when FAVs are used inste
of LDVs. An example is given in Fig. 8: Whereas mol
mass can only explain 89% of the variability in the LDVs f
KOA , that fraction rises to 94% upon adjustment. This su
gests that the adjustment procedure is successful in elim
ing some of the experimental error. In all four cases,
actual regression equations, i.e., the values for intercept
slope, change only marginally when FAVs are used inst
of LDVs, indicating that the adjustments do not impact
the extent to which molar mass influences a property.

The remaining scatter is smallest for logSWL (r 250.976)
and logKOW (r 250.965), and slightly larger for logPL (r 2

50.947) and logKOA (r 250.943). However, in the case o
PL andKOA , that scatter is not random, but strongly relat
to the number ofortho-chlorines. Vapor pressure increas
andKOA decreases with the number ofortho-chlorines, i.e.,
the more planar congeners have a lower volatility. Togeth
Mm and northo-Cl explain 99.5% of the variability in the
PL-FAV and 98.4% of the variability inKOA-FAV. There is a
slight hint thatSWL increases, andKOW decreases with in-
creasingnortho-Cl , but it is not statistically significant~i.e.,
r adj

2 does not increase upon addingnortho-Cl to the regression
equation!. The SWL for sparingly water soluble compound
such as the PCBs is strongly related to molecular size,
cause of the high energetic cost of forming a cavity in wa
Planarity will only have a minor effect on the size of th
cavity, andMm alone thus explains most of the observ
variability in SWL . PL andKOA , on the other hand, are con
trolled by the extent to which the PCB molecules can inter
with like molecules or octanol, and this interaction is mo
dependent on planarity. Therefore,Mm and northo-Cl are re-
quired to explain the observed variability inPL and KOA .
The very small variability in the FAVs not explained byMm

andnortho-Cl ~less than 3.5% forKOW, 2.4% forSWL , 1.6%
for KOA , and 0.5% forPL) may indicate the size of remain
ing experimental error in the FAVs.

The QSPRs for logPL and logKOA show remarkable simi-
larity. The absolute value of the slopes of the regressi
with Mm (0.01660.01) are identical, as are the standa
errors of the intercepts. Also, the regressions with bothMm

and northo-Cl are very similar. This is consistent with FAV
for the octanol solubility, which are similar for all congener
The activity coefficient in octanol varies only between 3
and 10 for the 16 congeners. The uncertainty of these n
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15891589PROPERTY DATA FOR SELECTED POLYCHLORINATED BIPHENYLS
bers is likely in the same order as this range, suggesting
for PCBsPL andKOA convey the same information and a
interchangeable.

Whereas the logKAW versusMm plot at first looks very
scattered and molar mass explains a mere 13% of the
ability, the combination ofMm andnortho-Cl explains a sur-
prising 77% of the variability in theKAW-FAV. Incidentally,
the same two parameters explained less than 50% of
variability in theKAW-LDV, suggesting that the adjustmen
procedure was particularly effective in reducing experim
tal error in the HLC data set. Chemicals with a large num
of ortho-chlorines, most notably PCB-155, have an unu
ally high Henry’s law constant, because nonplanarity
creases vapor pressure, but has only a minor effect on a
ous solubility.

DUW , DUA , DUOA , andDUAW are also correlated with
Mm ~Fig. 9!. Considering that measured energies of ph
transfer tend to be quite uncertain and the fact that they w
not regressed on a log transformed basis, the QSPRs are
good, especially forDUA andDUAW which have ar 2 of 0.94
and higher~Table 21!. In the case ofDUA , DUOA , and
DUAW , accounting fornortho-Cl significantly improves the
regressions. A higher number ofortho-chlorines decrease
DUA andDUAW , but decreasesDUOA .

Although there is only a poor correlation ofDUOW and
DUO with Mm , the FAVs of the two properties for the 1
PCBs fall into a reasonable range. Due to the lack of m
sured values almost all theDUO were obtained by the differ
ence from the otherDU. Kömp and McLachlan8 postulated
through calculation that theDUO for the PCBs should have
value close to zero, which is consistent with the data
tained in this work.

In the absence of experimental data, the regression e
tions in Table 21 may serve to estimate reasonable and in
nally consistent physical–chemical properties and their te
perature dependence for PCB congeners other than thos
that were included in this study.

5. Conclusions

The rigorous and transparent procedure of evaluating,
lecting, and adjusting physical–chemical property that w
applied in this study was shown to be able to identify a
eliminate a large part of the experimental error in the av
able measured data and to yield a consistent and com
data set with significantly reduced uncertainty. By using
formation for all partitioning properties simultaneous
rather than one at a time, it is easier to constrain the rang
which the true value for a property will lie. For exampl
whereas it may be impossible to decide on the true value
the SW andKOW of DDT and DDE based on even the mo
comprehensive review of the literature,1 that task would al-
most certainly be easier if experimental data onKOA , KAW ,
PL , andSO are being considered as well. When performi
such adjustments for a series of structurally related s
stances such as the PCB congeners in this study, it is fur
at
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-

a-
er-
-
16
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possible to estimate the extent of the remaining error in
adjusted data from unexplainable and inconsistent deviat
from simple QSPRs.

The final adjusted data set should be useful when see
to interpret the differential fate of PCB congeners in the e
vironment, e.g., divergent partitioning of planar and nonp
nar PCBs into atmospheric particles,7 or global fractionation
patterns of PCB mixtures.16 They will also be indispensable
in chemical fate modeling, especially when the intention is
evaluate the fate of individual congeners or understa
changes in congeneric composition. Finally, the data set m
form the basis for the development or evaluation of pred
tive methods such as QSPRs or correlation techniques
chromatographic data. In fact, we believe it is virtually im
perative to conduct a thorough and comprehensive d
evaluation such as presented here prior to embarking
QSPRs. QSPRs based on highly selective data sets, e
cially those based on data from a single experimental stu
may suggest a high predictive power, but will generate p
dictions that are neither in agreement with all empirical e
dence nor consistent with QSPR predictions for other pr
erties of the same set of compounds.

In many cases, such as an uncertainty analysis for a m
calculation,17 a quantitative estimate of the uncertainty of
physical–chemical property is required. Most data comp
tions do not include such information, and even many
perimental studies fail to report a quantitative expression
the confidence in the reported values. Standard deviation
the mean of all reported measurements of a property va
probably overestimate the real uncertainty of that value,
cause they do not weigh the quality of the data being av
aged. Sometimes the number of reported measuremen
simply too small to calculate meaningful statistical measu
of uncertainty. The exercise presented here provides infor
tion that may serve as a basis for estimating the uncerta
of a physical–chemical property value. In particular, the e
tent of adjustment required to achieve consistency, listed
Tables 18 and 20, should be useful in this regard, becau
is both dependent on the extent of inconsistency from ot
properties for that chemical and on the uncertaintiesux as-
signed to a particular property value.
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